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NE OF THE MOST IMPORTANT EVENTS 
of 1957 was the inauguration of the Inter- 
national Geophysical Year, and there is little 
doubt that the discoveries which will result, 

d the new knowledge which will emerge, will provide 
told opportunities for increasing our information 
bout the world we live in, thus adding to our general 
ientific knowledge, which will eventually make possible 
n improved standard of life for all mankind. 

But the I.G.Y. also has implications in terms of 
uman relationships, which could, in the long run, prove 
‘ar more important than the new knowledge it will bring. 

It is most significant that, for the purpose of the I.G.Y., 

o fewer than fifty-six nations have come together in 
illing co-operation. Not only are the most eminent 
ientists of each nation personally bending their efforts 
o the common task, but they are doing so with the 
pproval and encouragement, and even with the material 
upport, of their respective governments. 
To my mind this proves beyond all doubt that it is 
ssible for the human race, without distinction of 
olou-, creed or nationality, to join in full co-operation 
0 serve a common purpose. This fact, in my firm belief, 
romises the ultimate realization of the desire for world 
ce which all nations share. 

There are, however, other lessons which we, in 
his country, can learn from this great example of 
0-operation for the common good. Very frequently the 
eal difficulties underlying our national problems spring 
tom the fact that those concerned are not fully or 
ccurately informed of the true facts. Now, to enable the 
ull benefit of the I.G.Y. to be reaped, the observations 
in all scientific fields made by those taking part will be 
ifted, collated and appraised by scientists trained in the 
echniques of analytical study, logical thought and 
trict impartiality, and the results will then be published 
or the information of all. It seems to me that an 
important factor in solving our internal difficulties must 
to disseminate accurate information, simply expressed, 

































THE PRESIDENT’S NEW YEAR MESSAGE 


about scientific, technical, industrial and economic 
matters in general. In this task the members of our 
Institution have a most important part to play, for it is 
to us that the layman will increasingly look to explain 
the significance of the many new advances to which our 
work is contributing. 

But the example of the I.G.Y. goes further than this, 
for it demonstrates not only the possibility, but the 
actual existence, of a spirit of international co-operation 
on a global scale; surely it must be equally possible for 
all sections of our nation to co-operate in finding the 
solution of our many problems. Indeed, unless we can 
learn to live together as a nation where individuals are 
prepared to work sincerely for the common good and 
settle disagreements without resort to methods which 
damage our economy and disregard the convenience of 
others, we shall never be worthy or capable of playing 
our role on the international stage. By the same token 
we shall have no right to participate in the many benefits 
which engineering science has so lavishly showered upon 
the world. 

We have achieved a very large measure of concerted 
effort within our own corporate body and also in our 
national scientific work; the I.G.Y. has proved that 
co-operation is possible internationally, between men of 
the most diverse opinions and interests. As we enter this 
new year of 1958 let us hope that these examples may 
help to secure the same concerted efforts within our 
social and political structure, and thus sow the seed for 
an ultimate harvest of peace, goodwill and prosperity 
for all. 

With these thoughts I send to all my fellow members 
my sincere good wishes for a happy and prosperous 


New Year. 








THE PRESIDENTIAL ADDRESS 


Background, Foreground and Horizon 


The following is a shortened version of the Address delivered 
by Mr. T. E. Goldup, C.B.E., on his inauguration as 
President of The Insiitution on the 3rd October 1957 (see 
p. 6). The complete text and illustrations will appear in 
both Part A (February 1958) and Part B (January 1958) 
of the Proceedings. 





HERE is not one of us, I am sure, who does not 
| look with pride on 1871 as the most significant 
year in the history of electrical engineering, for in 
that year this Institution came into being under its 
original title of “The Society of Telegraph Engineers’. In 
recalling the state of science at that time, it is interesting 
to note that in that same year James Clerk Maxwell was 
appointed the first Professor of Experimental Physics at 
Cambridge, where he propounded his theories of the 
electromagnetic nature of radiant energy, and founded 
the Cavendish Laboratory. 

Now, less than a century later, the original tale of 
some 70 members of The Institution has increased to 
more than 40000, and they have elected a President 
whose working life has been spent in a field described 
to-day as light electrical engineering and on a highly 
specialized subject, the threshold of which had not then 
been crossed. 

Our Royal Charter requires us as an Institution ‘to 
promote the general advancement of electrical science 
and engineering and their applications’, and ‘to facilitate 
the exchange of information and ideas on these subjects’ 
amongst members of The Institution. The whole Institu- 
tion is devoted to this end, an important part being 
played by the Local Centres, Sub-Centres, the Oversea 
Branches and Joint Groups. Important and necessary as 
all this is, it is the collective effort of individuals which 
matters, and it is a fact that this collective effort com- 
prises the efforts of only a relatively small number of 
members. Each of you should consider whether your 
individual contribution to The Institution and to the 
development of the science in which you practise is as 
great as you feel it should be. 

The coming generation of engineers will be responsible 
for maintaining our present leadership, and they must 
recognize that disaster will eventually overtake us unless 
they match new knowledge with increased wisdom. 

My main theme to-night is thermionic valves, a 
subject which has constituted my life’s work, first for a 
few years in the sheltered atmosphere of an Admiralty 
research establishment and then in the hard but exhilara- 
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ting school of industry. I shall sketch my picture on 
broad canvas and will confine my references to a f 
aspects which I consider of interest and which aj 





in the valve field. I 
of t 
Background = 


On the 16th November 1954, The Institution celebrate (C.' 
the Jubilee of Ambrose Fleming’s invention of th 
thermionic valve by a series of lectures and an exhibitiog app! 
The proceedings of this memorable occasion are recorde 
in an Institution publication, ‘Thermionic Valve 


chemist, metallurgist, electrical engineer and mechanicd yalv 
engineer. resu! 
meni 
' majc 

Foreground—Plant and Production 
It is, strangely enough, most difficult to high-light Mics 


specific technological achievements. So far as man§ o, 
facturing technology is concerned, there have 
eo dens: 
engineering, combined with a strict control of ra pion 
materials and processes. perce 

As a stage in the chain of events leading from researd the ¢. 
and development to a manufactured article, the impo 
: : ‘ Boot 
they are prime factors in the economics of productio rapid 
and only through economic and efficient production caf in pl 
industry finance research, development and all its oth majo! 
activities. Additionally, plant design determines ve equip 
largely the actual manufacturing processes to be used ator 
how far modern technological advances can be employe contr, 
Looking at the achievements since valve manufa 
started after the First World War, I regard factory plaf§ of rac 
design as the hub from which have stemmed improv@in wh 
ments in productivity, quality and quantity, the intr Origit 
duction of modern technological processes and 
inspiration for achieving the almost impossible in 
complex chemical and vacuum processes which 4 
involved. resist: 

An indication of the extent of this relatively netrop j, 


industry is given by the following figures. In 1956 tl The 
turnover of the British valve industry was £25 millioffoscijia 
and it produced sixty-four million valves of all types aa Ameri 
over two million cathode-ray tubes. These figut¥inclyd 
represent more than a threefold advance on those f@at Bri. 
1949, and there is no doubt that the trend towaf@now ‘ 
increased production will continue. Ror 3 
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The Changing Scene—New Developments 

Change has been the essence of valve development from 
the time of Fleming’s early work, and a great volume 
of research has always been undertaken in the valve 
industry. As I cannot mention more than a fraction of 
the whole, I have limited my remarks to a few out- 
standing examples, and more particularly to three types 
re on§ of device—microwave valves, special-quality valves and 
> a feg semi-conductors—and have avoided detailed technical 
considerations which would be inappropriate in an 
ot wort Address such as this. 

I have chosen these three more particularly on account 
of the interest displayed in them by the Government for 
national needs. During the war the Inter-Services Com- 
mittee for the Co-ordination of Valve Development 
lebrat@ (C.V.D.) came into being, its task being to foster and 
take the responsibility for valve developments for 
1ibitiog applications in equipment used by the Armed Forces, 
ecordej and to ensure that the various Services should not be 

Valv@ competing for the limited technical resources then 
available to the valve industry. 
ss is The work of C.V.D. has continued and has increased 
hysicisj many times. C.V.D. organizes effective liaison with the 
shanicg valve industry, maintains close touch with development 
results, and has prepared a balanced pattern of develop- 
ment projects. C.V.D. sponsorship of these has been a 
major factor in keeping Britain in the van of progress. 





Microwave Valves 

many One important development in microwave valves is the 
availability of cathodes having high emission current- 
hanicd densities. An example is the dispenser-type cathode 
of rai pioneered by Lemmens, in which the emissive material 
percolates to the surface of a porous tungsten body when 
















impo} The magnetron was originally conceived by Randall, 
unt, {4 Boot and Sayers at Birmingham University, and was 
rapidly taken up by America. Its main applications are 
in pulsed radar, and British manufacturers supply the 
's oth¢ major part of the world demand for marine radar 
“S VHequipment. Other radar applications are airborne sets 
for warning against cloud and collision, and radar 
control of ground movements on airport runways. 

The magnetron has been extensively used as a source 
of radio-frequency power for linear accelerators—devices 
nprovWin which electrons are accelerated to very high energies. 
> int Originally developed as an atomic energy research tool, 
it was later used for medical, radio-therapy and X-ray 
purposes, and more recently in the plastics industry for 
irradiating polyethylene, thereby improving its heat- 
resisting properties. A limited application of the magne- 
ly Ntron is as a source of power for radio-frequency cookers. 
The klystron, developed in its reflex form as a local 
millio§ oscillator for superheterodyne receivers, originated in 
America, but British work in this field during the war 
included valuable contributions by Sutton and his team 
ose f@at Bristol, and by the Clarendon Laboratory. Types are 
w2ow available for operation at wavelengths down to 





Amplifier klystrons are now finding increasing applica- 
tion in radar and particularly in phase-coherent radar, in 
which the reflected pulse from a target is compared in 
phase with the transmitted pulse, the resulting beat 
frequency being a measure of the target velocity. A 
common factor in all variants of the phase-coherent radar 
system is the need for improved microwave amplifying 
valves. Klystrons with pulse powers of the order of 
megawatts are now possible, and, in the lower-power 
types, gains of more than 100dB have been achieved. 
The amplifier klystron is also coming into extensive use 
in navigational aids and for television transmission in 
Bands IV and V. 

The travelling-wave tube, first developed by Kompfner 
while working for the Admiralty, has received concen- 
trated attention during post-war years. In this tube a 
wave is caused to travel slowly along a structure such as 
a helix, and a beam of electrons travels at almost the 
same velocity and in close proximity to the wave. The 
electron beam interacts with the wave, which is amplified, 
the additional energy being derived from the kinetic 
energy of the electrons which are slowed down in the 
process. By special treatment of the electron beam, the 
noise due to random velocity and density of the electrons 
can be largely removed. The low noise factor, the high 
gains and broad bandwidths obtained with this tube 
have led to its adoption for use at centimetric wave- 
lengths for radio relays and for telegraphy, telephony 
and television. 

In addition to the comparatively low-power travelling- 
wave tubes required in communication, tubes of really 
high power are under development. I believe that 
eventually some communication will be carried out by 
the propagation of millimetric waves along small-diameter 
waveguides; the success of this development will depend 
on the provision of suitable travelling-wave tubes to act 
as practical oscillators and amplifiers. 

The International Microwave Valve Convention, to be 
held under the auspices of The Institution in the spring 
of 1958, will be of considerable importance in placing on 
record the huge volume of work which has been achieved 
in this field. 


Special-Quality Valves 

When, during the war, new applications for valves 
arose, such as for airborne radar, the valves incorporated 
were at first those based upon the design requirements of 
the domestic entertainment market. These valves were 
not primarily intended to withstand the severe mechani- 
cal conditions associated with the new applications, and 
the need arose for a series of valves whose characteristics 
would not be impaired nor their life shortened by these 
arduous conditions. 

With the support of C.V.D., British valve manu- 
facturers set out to meet these requirements. Intensive 
study of the properties of the materials used, of the 
fatigue behaviour of glass, metals and mica, of the effects 
of static stresses within the valve and of cyclic stresses 
externally, was undertaken. The causes of the deteriora- 
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tion of the electrical properties of valves were investigated, 
and existing methods of manufacture were critically 
reviewed. 

All this, and the development of sub-miniature valves 
for use in missiles, has added greatly to our knowledge 
of valve manufacturing technology, and has resulted in 
the production of several types of special-quality valves, 
manufactured in air-conditioned plants under conditions 
similar to those obtaining in the manufacture of 
pharmaceutical products. 


Semi-Conductors 

Invented in 1948 at the Bell Telephone Laboratories 
in America, the first transistor was of the point-contact 
type. Theoretical considerations pointed the way to the 
more sturdy junction transistor, of which the first 
prototype was made in 1951. The transistor is an ampli- 
fying device, with a wide field of applications on account 
of its miniature size and the small amount of power 
required to operate it, and is destined to have a profound 
influence on the design of such apparatus as computers, 
repeaters, telephone exchanges and Service equipment. 

Important progress is being made in developing 
transistors for use at ever higher frequencies. The 
theoretical limit seems to be in the region of about 
1000 Mc/s, and types operating at 10 Mc/s and over are 
already in production in America. 

An effect analogous to electron multiplication in an 
ionized gas is the basis of a semi-conductor device for 
generating very-high-frequency oscillations, which may 
eventually reach the region of the centimetric waves. 

The Maser is a semi-conductor amplifier which 
produces microwave amplification by stimulated electro- 
magnetic radiation. Although capable of operating at 
low powers only, and having only low efficiency and 
bandwidth, the Maser gives a useful gain, and at the 
extremely low temperatures at which it must be operated 
its signal/noise ratio is extremely high. 

The utilization of solid materials for electronic devices 
is so new that its full potentialities cannot at present be 
assessed, but it is possible that it may provide the key to 
the whole field of millimetric waves. 


Automation 

Attention is being focused on automation because, 
with the aid of electronics, we are now able to make 
machines which not merely assist our physical efforts 
but also augment our mental efforts. In this type of 
equipment sensing elements collect and feed back 
information, so that any departure from the desired 
results can be corrected. Machines can also be made to 
carry out a definite programme of operations or to react 
in appropriate ways to changing conditions. In the more 
complex systems electronic computers and electronic 
memories are incorporated. 

The social implications of automation are highly 
important, for if they hinder its adoption technical 
progress is bound to be retarded. No other recent 
advance has been so misunderstood; if one considers the 
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countless and complex functions the human brain cag| ffeque 
perform, one realizes that no machine could ever be aj *te0S 
substitute. In addition, I cannot conceive that any ment | 
machine will ever replace the relatively few geniuses upon doubt 
whose vision and creative ability the evolution of ow the ne 
civilization depends. On the day man is content to leave} decisie 
all his imaginative thinking to machines he will be} AdVis« 
destined to a future without hope, without beauty andj o frec 
finally without love. 

























° Educat 

Entertainment: Radio and Television Becé 
It was on the enterprise and success of the entertain nation 
ment section of the radio industry that the valve industry ability 
was founded. Furthermore, but for the existence of aj the cre 
large entertainment radio industry, radar sets and other new te 
Service equipment could not have been produced in not be 
necessary quantities at the start of the last war. Som 
In television, whether black-and-white or colour} increas 
development is centred mainly on the viewing tubej and en 
Tubes with electrostatic instead of magnetic focusing want t 
offer the advantages of reduced weight, easier setting up action 
and little or no variation of focus with changes in mai In tl 
voltage. The successive increases in the deflection angle must it 
from 55° to 70° and now to 90° permit the use of a of the 
smaller, cheaper cabinet. The next logical step is a world, 
further increase to 110°. more | 
While there have been a few applications of coloug stand 1 
television, notably in the medical field, its use for enter To 2 
tainment still awaits the development of a far cheapeg dary s 
means of viewing. Cheaper tubes so far suggested earlier 
invariably mean more complex and expensive circui§ and pc 
design, and it may be that the method of viewing finally Other | 
adopted, not only for colour but for black-and-white} faculty 
will differ greatly from what we might expect with oug which 
present knowledge. accept 
practic 

Low-Temperature Devices suggest 
In its advance, electronics is constantly crossing thg and th 
boundaries of new territories, as witness its fruitfuy The 
association with ferrites and semi-conductors. Its mos§ college 
recent excursion is into the realm of low-temperatur commi 


phenomena. Because of the extremely low noise level ag appoin 
temperatures near absolute zero, operation in this rangg states © 
holds great attractions for the electronic engineer. 1960-6 
One low-temperature device, the Maser, I have already part-tit 
referred to in dealing with semi-conductors. Another if institut 
the Cryotron—a switching device comprising a straigh§ separat 
wire with a second wire coiled round it, the whole being partne: 
immersed in liquid helium, and therefore having effectively ‘must 
zero electrical resistance. However, the resistance of th@and as 
straight wire is restored if a sufficiently strong magnetif experie 
field is created by the coiled wire. This effect can bg I sh 
produced within microseconds, and the arrangement thug the nee 
acts as a very-high-speed relay. It may well have widgindustr 


applications in large computers. being ; 
logical 

Frequency Allocation these « 
I attach supreme importance to the use of that irreg (Engin 


placeable raw material, the ether. The problems sidered 
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- can} frequency allocation become more acute with every 
be a} «tension of radiocommunication. International agree- 
ment has, on the whole, been good, but some of us have 
doubted whether allocation at national level has taken 
the needs of all users sufficiently into account. The 
leavel decision of the Postmaster General to set up a Frequency 
1 bel Advisory Committee to guide him on the broad aspects 
of frequency planning is therefore welcome. 


any 
upon 





and 


Education and Training 

Because our future progress, industrially and therefore 
tain-) nationally, depends upon the work of individuals of 
ustryj ability who possess the requisite learning and skills for 
of ‘ the creation of new knowledge and the development of 
othe new technologies, the importance of the individual can- 
1 the} not be over-emphasized. 
Some progress has been made in the task of greatly 
J increasing the number of adequately trained scientists 
and engineers, but much still remains to be done, and I 
want to use this opportunity to suggest some lines of 





In the first place the training of the potential scientist 
must include sufficient liberal studies to make him aware 
of the social and economic problems of the modern 
world, while the potential classics man must acquire 
more general science knowledge so that he can under- 
stand the effects of scientific advances. 

To achieve this, the level of science teaching in secon- 
dary schools must be raised, and should begin at an 
earlier age. This demands many more trained teachers, 


accepted G.C.E. subjects at the advanced level. Some 
practical support for this idea would be given by the 
suggested Cambridge honours course combining science 
and the arts. 

The problem of the supply of teachers in technical 
colleges is summed up in the recent report of the special 
committee, under the chairmanship of Dr. Willis Jackson, 
appointed by the Minister of Education. This report 
states that the teaching staff as at 1955-56 should, by 
1960-61, be increased by 7100 full-time and 8000 
part-time teachers. The report also states that educational 
ig institutions and industry tend ‘to regard themselves as 
separate and distinct rather than as intimately associated 
partners in a joint enterprise’, and urges that industry 
‘must be willing to accept and, indeed, to encourage 
and assist, the transfer to full-time teaching work of 
if experienced staff it can ill afford to lose’. 

I should like to impress upon the electrical industry 
the need for a better understanding of the importance of 
industrial training as part of the sandwich courses now 
being approved by the National Council for Techno- 
logical Awards. Run by approved technical colleges, 
these courses will lead to the Diploma in Technology 
(Engineering), and the successful student will be con- 
sidered knowledgeable in both the fundamentals of 
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science and technology and in the practical application 
of that knowledge. It is vital, therefore, that the periods 
of industrial training should never be regarded merely as 
periods of normal employment unrelated to the academic 
part of the sandwich course. Industry must take an active 
part in determining the standards and requirements of 
the technological training and must insist on those 
standards being maintained. 

The burden of practical training is at present almost 
exclusively carried by the larger industrial concerns; but 
there is a limit to what these organizations can do, and 
although this limit may not yet have been reached, it is 
clearly right and necessary that smaller firms should 
contribute to the pool of practical training facilities. 

Another problem in the field of technical education is 
that of keeping technical personnel up to date with the 
many new ideas which are constantly emerging. The 
normal method of keeping in touch with progress is by 
reading and by outside lectures, but sometimes a new 
concept calls for some other approach. Transistors, for 
example, demand from the engineer entirely new habits 
of design thought, and industry must then re-educate 
its own engineers. In the case of transistors this need has 
been met, in one instance, by the production of a film 
which first explains the theory of transistor operation 
and then proceeds to the derivation of the equivalent 
circuit. Such an approach enables the engineer to build 
his ideas on the solid foundation of fundamentals. 

Recently the recruitment of larger numbers of women 
to the ranks of technicians and professional engineers 
has been increasingly advocated. Such a course presents 
its own peculiar difficulties and requires a change in 
outlook among teachers and parents and by industry. 
But we urgently need the contribution which I am quite 
sure suitably trained women can give, and it is high time 
that we ceased to fear the shadow which the wedding ring 
casts before and behind it. 


The Press 

I am glad to be able, in this Address, to make some 
acknowledgment to the Press, both technical and lay, 
to whom The Institution and the electrical industry owe 
so much. It is important that the public be still more 
informed on scientific achievements so that they are 
better able to recognize the significance of our work as 
engineers. This is the field of the lay Press, and we are 
grateful to them for the work they have already done. 
I am certain that the role they are playing in this way 
will be of ever-growing importance. 

The technical Press plays a major part in bridging the 
gap between the specialist and his ignorance of other 
work which has no immediate bearing on what he is at 
present doing. We also look to the technical Press for 
the broad and intelligent exchange of ideas and informa- 
tion, and for the publication of the results of individual 
work. I like to think of the technical Press as comple- 
mentary to the journals of the learned and professional 
institutions, the whole constituting a shop-front in which 
we can display our scientific wares. 


5 








Beyond the Horizon 


Possibly the most significant issue which members of 
professional bodies such as our own will have to face in 
the future is their role as leaders—not merely as leaders 
fit to hold executive positions, but as leaders who accept 
responsibility for so guiding public opinion that modern 
scientific and engineering advances shall be applied to 
improving the well-being of mankind rather than the 
reverse. 

Hitherto we have concerned ourselves almost exclu- 
sively with the establishment of scientific truths, with 
putting new knowledge to practical use, with producing 
some commodity at the right price, at the right time, and 
in the right place, and with showing how engineering 
science can be successfully harnessed to supply our many 
needs. With very few exceptions we have been little 
concerned with the social and political repercussions of 
our efforts; the use which others make of our work has 
far too seldom appeared to us to be of prime importance. 
I believe, however, that the time will soon be here, if it 
has not already arrived, when more of us must be as 
much concerned with the results of our achievements as 
with the work itself. 

For instance, what is our responsibility for the social 
changes which automation will bring? Again, have not 
the engineers who have created television some special 
responsibility for the way in which this medium is used? 
They surely cannot stand aside and make no contribution 
whatsoever to current thought on these matters. The 
scientist must take part in government at the highest 
level, as exemplified by the appointment of the late Lord 


Cherwell by Sir Winston Churchill as his scientific 
adviser during the last war. 

However, it is in the military sphere that the questigg 
of our responsibility has appeared in its most acute form, 
Writing in 1945, in the first report ever published on the 
military use of atomic energy, H. D. Smyth of Princeta 
University, New Jersey, said: 

We find ourselves with an explosive which is far from comple 
perfected. Yet the future possibilities of such explosives are ap) 
ling and their effects . . . on international affairs are of fundame 
importance. Here is a new tool for mankind. . . . Its develop 
raises many questions which must be answered in the future. iol 
questions are not technical questions—they are political and s 
questions, and the answers given may affect all mankind for 
generations. 

We are very little nearer to finding an answer to thes 
questions to-day than we were twelve years ago whea 
this was written. 

Meanwhile we now have a completely new situatiom, 
The world has been brought to a crossroads; one road 
leads to the destruction of world civilization as it now 
exists, the other to a better life for everyone—not only 
for those in backward countries but in highly developed 
countries too. It is we, the engineers and scientists, who 
are largely responsible for this position, and surely we 
are morally responsible for the way in which our work 


is used. Can we, or dare we, stand aloof from the social} — 


and political implications of what we have achieved? 
I am convinced that this question must sooner or later 
be given an answer. I am equally convinced that this 
great Institution of ours has a vital part to play in 
framing that answer. 


The Opening Meeting 


The inauguration of Mr. T. E. Goldup as President 


A report of the Ordinary Meeting of The Institution at 
Savoy Place on the 3rd October 1957, at which Mr. T. E. 
Goldup, C.B.E., succeeded Sir Gordon Radley, K.C.B., 
C.B.E., Ph.D.(Eng.), as President of The Institution. 
A shortened version of Mr. Goldup’s Inaugural Address 
appears on p. 2. 


session, has about it the air of an occasion. An 
impressive attendance of members fills the tiered 
- benches to capacity, with here and there a bright touch 
of colour provided by the ladies, while the presence of 
distinguished guests contributes to the pleasant formality 
of the evening. The solidarity of the profession is very 
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T= Opening Meeting, more than any other in the 


Dr. T. Ingledow receives a Premium Certifi- 
cate from Sir Gordon Radley at the Opening 
Meeting for his work on the British Columbia-} 
Vancouver island submarine power cable 
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Mr. T. E. Goldup delivers his Inaugural Address 





‘| apparent, and the imposing portraits of famous engineers 


which look down from the panelled walls seem to unite 
the diverse specialists in a common history and a mutual 
purpose. The traditional ceremony is permeated with a 
quiet and friendly dignity of its own. The design of the 
lecture theatre, with its curved rows of benches sloping 
to the very foot of the rostrum, seems to include the 
senior Members of Council with the general body of 
members, so that those officers appear not as remote 
leaders but rather as experienced and friendly advisers. 
| The Presidential Address and the ensuing speeches echo 
, and amplify, with depth and humour, this feeling of warm 
fellowship. 

The new President, Mr. T. E. Goldup, is an engineer 
of wide experience in the manufacture of light electrical 
components, and the main theme of his Address was the 
development of the thermionic valve, with which he has 
been associated all his life. 

Sir Gordon Radley, the retiring President, took the 
chair at 5.30 p.m., and after announcing the donations 
and subscriptions to the Benevolent and Homes Funds 
he conducted the customary ceremony of welcome to 
new Corporate Members. He congratulated the thirty- 
one members and presented each with a bound copy of 
The Institution: Its Objects and Organization. 

This ceremony was followed by the annual presenta- 
tion of Premium Certificates. 

An unusual feature of this year’s meeting was the 
presentation of inscribed leather-bound copies of the 
Symposium of Papers on the Transatlantic Telephone 
Cable to the British authors of papers read at that 
Symposium. This recognition of a great engineering 
achievement was appreciated by the audience, who greeted 











the authors with loud applause as they came forward to 
receive their copies from the Chairman. There was 
general laughter as well as sustained applause when Sir 
Gordon was faced with the Alice-in-Wonderland task of 
presenting one of the copies to himself—as one of those 
mainly responsible for the successful laying of the cable. 

Sir Gordon then welcomed Mr. Goldup as the new 
President and called upon him to deliver his Presidential 
Address. It was most instructive and entertaining, and it 
was unique in being the first Presidential Address before 
The Institution to make use of cinematograph films. Two 
films were shown, the first illustrating the progress in 
techniques in the manufacture of thermionic valves, and 
the second comprising animated diagrams of the 
mechanism of semi-conductor devices. The first film had 
a commentary in sound by Mr. Goldup himself, so that 
the continuity of the Address was preserved while the 
film was being shown. 

The Address was received very warmly by the audience, 
and when the applause had subsided Sir Gordon Radley 
called on Sir Noel Ashbridge to propose the vote of thanks 
to Mr. Goldup. Sir Noel said that there was no need for 
him to stress how interesting and well constructed the 
Address had been. The major task of an incoming 
President is to decide what he is going to take for the 
subject of his Address. Very often, having made a choice 
of a subject and having written perhaps the first thousand 
words, he finds that everything flows fairly easily. It was 
quite obvious that Mr. Goldup’s Address flowed smoothly 
and easily from start to finish. Sir Noel was glad that 
Mr. Goldup chose to describe the thermionic valve 
more fully than transistors or semi-conductors, because 
the valve had not, curiously enough, been very widely 
dealt with by The Institution. 

Sir Noel supported the reference to technical educa- 
tion that had been made in the Address. He did not mind 
how much was said and written on that subject— 
attention could not be drawn to it too often. The situa- 
tion was serious. Education was the life-blood of all 
engineering and technology generally, and if it was not 
taken seriously industry would fall back and our oversea 
trade would decrease. The more the subject was discussed, 
the better, so long as the discussion was constructive. 

He then commented on Mr. Goldup’s point that if we 
made computers with the same astronomical number of 
components as there are cells in the human brain several 
hundred would be out of action at any given moment. 
Sir Noel agreed with this, but he also thought that 
probably many of the cells in the human brain were out 
of action, and that the number was very much higher 
than hundreds. Sir Noel suggested apologetically that 
perhaps a good many of his own cells were not behaving 
well that evening! 

In conclusion he said that he believed that Mr. Goldup 
had been right in drawing attention to the responsibility 
of scientists and engineers for the way in which their 
work was used. Whether The Institution could help in 
that matter, Sir Noel did not know, but he said that it 
must try to do so. 














Sir George Nelson proposes a vote of thanks to Sir Gordon 
Radley 





He had very great pleasure in proposing the following 
resolution: ‘That the best thanks of The Institution be 
accorded to Mr. T. E. Goldup for his interesting and 
instructive Presidential Address, and that with his per- 
mission the Address be printed in the Proceedings of 
The Institution’. 

The vote of thanks was seconded by Mr. C. T. Melling, 
who said that the Address had been an admirable one 
and had given a far sight of the whole field of electronic 
work. Mr. Goldup had taken his audience to the moun- 
tain top and shown them the horizon, but he had done 
more than that. He had taken them inside the mountain, 
or, rather, inside the thermionic valve during the course 
of manufacture, and if they had emerged breathless it 
was not because of the vacuum; it was because of the 
interest created by his most masterly exposition of a 
difficult subject. The fifty years of the electronic revolu- 
tion had influenced a remarkable period, a period of 
great technological change. There had also been great 
changes in social life. Mr. Melling was reminded of a 
time when people sang a hymn about ‘the rich man in his 
castle, the poor man at his gate’, but he had heard the 
modern version of that stanza: 


The poor man views the castle, 
The rich man takes the gate. 


He said that Mr. Goldup had pointed out the dangers 
of the present-day striving for technological improve- 
ments and efficiency. He had emphasized the importance 
of a liberal education and had touched upon the human 
and spiritual side as well as the technical. He had shown 
us the man, as well as the President of The Institution. 

After the vote of thanks had been put to the meeting 
and carried with acclamation, Sir Gordon Radley said 
that it was his privilege to invite Mr. Goldup to take the 
Presidential chair as his rightful place. He then vacated 
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the chair in favour of the incoming President, Mr. T. E, 
Goldup, whose first action was to call upon Sir George 
Nelson to propose a vote of thanks to Sir Gordon Radley, 

Sir George Nelson said that it may seem a little sad 
that, in welcoming the new President, we put aside his 
predecessor, and he asked those present to pause a 
moment in the inaugural ceremony to say a valediction 
to Sir Gordon Radley and to look back over his year of 
office and see what he had meant to The Institution, 
He said that Presidents, in their coming and going to 
that high office, leave marks of their personalities upon 
The Institution; they establish new precedents and 
slightly vary old traditions. It seemed to Sir George @ 
very short time since he inducted Sir Gordon into the 
Presidential chair. He had undoubtedly left his mark on 
The Institution, and members were glad that they would 
still have him to play an active part in the work of the 
Council. 

Probably only a Past-President could fully appreciate 
the strain and demands made on the President, but those 
on Sir Gordon had been even greater than those on most 
Presidents, first owing to his illness in the middle of his 
year of office, and second by his simultaneously holding 
one of the most responsible positions in the national life, 

One of the happiest events in his Presidency was the 
joint meeting with the Engineering Institute of Canada 


Mr. R. J. Halsey is given a presentation copy of ‘The Sym- 
posium of Papers on the Transatlantic Telephone Cable’ 


and the American Institute of Electrical Engineers, 
linked by the transatlantic telephone cable. That would 
have been a great event in any year, but the fact that 
Sir Gordon Radley himself had been the principal 
architect of the cable made it doubly significant. 

Sir George felt, however, that Sir Gordon’s fame in 
connection with the transatlantic telephone cable had 
obscured what might in the long run be an even greater 
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claim to fame—namely, that of being the first electrical 
engineer to be the permanent head of a Department of 
State. Sir Gordon’s undoubted ability and success in his 
position and the fact that he had carried out the heavy 
duties of President of The Institution while holding it 
deserved members’ warmest praise. 

Sir George was sure that a large part of the credit was 
due to Lady Radley, who had discharged her responsi- 





Sir Gordon Radley receives a Certificate of Presidency from 
Mr. Goldup 





bilities as a President’s wife with grace and charm. On 
behalf of The Institution, Sir George thanked her for her 
participation in official activities and most of all for 
looking after her husband so well. He ended by formally 
proposing the motion: ‘That the best thanks of The 
Institution be accorded to Sir Gordon Radley for the 
very distinguished and most able manner in which he has 
filled the office of President during the past year’. 

Mr. S. E. Goodall rose to second the vote of thanks, 
saying that during his long ‘course of training’ for the 
Senior Vice-Presidency it so happened that it was not 
until the year before last that he had had the good 
fortune to work on a committee with Sir Gordon Radley. 
Then he had served with him on the General Purposes 
Committee, and last year had come into even closer 
collaboration with him on the Finance Committee. 
During the whole of that period his respect for Sir Gordon 
had grown as he came to appreciate his qualities of 
leadership and inspiration. 

Sir Gordon had had an arduous year in the Post 
Office, but he had always been ready to help The Institu- 
tion, both in London and at the various Centres, accom- 
penied on many occasions by his gracious wife, Lady 
Radley; The Institution had been exceptionally well 
served by her charm and general demeanour, and by her 
courtesy to everyone she had met. 
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Finally Mr. Goodall expressed to Sir Gordon the 
sincere appreciation of the membership as a whole—and 
particularly of the Members of Council—for all he had 
done. He was regarded with affection, and his many 
excellent qualities had added much to the status of The 
Institution. 

The President put the vote of thanks to the meeting 
and it was carried with loud applause. He then presented 
Sir Gordon Radley with the Certificate of Presidency. 

Sir Gordon said that he deeply appreciated the very 
kind things that were said by Sir George Nelson and 
Mr. Goodall. He felt that in some cases they were very 
wide of the mark, because he had not been able to do 
half the things that The Institution was entitled to expect 
of its President. As the role of The Institution in the 
national life became more important the limitations to 
what Presidents who had other responsibilities could do 
would become more of a problem. 

He went on to compare Mr. Brasher’s function in The 
Institution with that of a Permanent Secretary of a 
Government Department. Both had to steer a succession 
of elected Heads. The Institution owed its steady progress 
in stature during the post-war years to what had been 
done behind the scenes by Mr. Brasher, who had steered 
Sir Gordon during the past year, as he had steered 
previous Presidents, ably assisted by his secretariat. 

Sir Gordon thanked the members of the Local Centres 
for the very friendly welcome they had accorded him and 
his wife. The happy time they had had at the Centres 
was one of the memories he would take with him from 
his year of office. 

Finally, Sir Gordon Radley thanked his wife for having 
kept him going and for bearing with him when he was 
absent on Institution business and often when he was 
present in body but absent in mind. He wished Mr. 
Goldup every success in taking up the many tasks which 
he, Sir Gordon, had just laid down. 

The President then declared the meeting closed. 





STANDARD TERMS: ENGINEERING AND BIOLOGY 


‘The advantage of the electrical engineer’s attention to words, an 
attention that, it will be remembered, began with Faraday, becomes 
apparent at conferences and committees. Among electrical engi- 
neers, disagreements cannot arise through different meanings being 
given to the same words, as so often happens in other disciplines. 
The discussion of electrical engineers is centred on concepts, which 
is where it should be, and it is largely thanks to their standardized 
glossaries that they understand each other so readily. . . . I have 
occasionally commented to biologists on the number of confusing 
and conflicting words in their subject, on their lack of system in the 
formation of technical terms . . . on the wasted effort when an 
argument that purports to be about concepts is really only about 
the meaning of words . . . But when I say all this to a biologist his 
answer is that his subject is developing too rapidly to be forced into 
the strait-jacket of a standardized vocabulary. Though I point 
out that electrical engineering, too, is in a state of rapid develop- 
ment, he remains unconvinced. It is too soon for the standardization 
of biological terms, he tells me. 

‘He is right. It is always too soon to standardize anything—and 
it is always too late.’ 


—From Professor R. O. Kapp’s Le Maistre Memorial Lecture delivered in Moscow 
at the Annual General Meeting of the I.E.C. in July 1957 
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TELEPHONE OPERATORS’ ADAPTATION 


TO TRAFFIC VARIATIONS 


This article describes some experiments on the performance 
of telephone operators that were carried out by the authors, 
under the auspices of the Medical Research Council, at the 
Thanet auto-manual cordless telephone exchange. Among 
other results established was that the average time taken 
by operators at the exchange to set up a call decreased 
linearly with the logarithm of the traffic per operator. The 
authors are with the Applied Psychology Research Unit at 
Cambridge. 


R. CONRAD, M.A., PH.D. 
BARBARA A. HILLE 








Introduction 


A good deal of human work requires a person to 
process items of material or information which comes to 
him at a rate which he does not himself control. The 
process might be selling train tickets, or assembling units 
on a conveyor belt, or rectifying loom stoppages, or 
setting up a telephone call in response to a particular 
kind of signal, or any of a great variety of kinds of 
human behaviour. There is then frequently the practical 
problem of determining the optimum rate at which to 
deliver the items to the operator so as to achieve a desired 
output level, or of determining the optimum number of 
operators to deal with an input which can be counted 
but not varied at will. 

Common sense might initially suggest that, although 
within a series of like items some will take longer to 
process than others, the average processing time will not 
vary whether the items pile up in a growing queue before 
the operator, or whether there is regularly a long interval 
between them; that is, the operator deals with each item 
as it comes, the time required being unaffected by the 
frequency. There is the further advantage in this particu- 
lar view that by applications of queueing theory it is 
possible to calculate the expected output of a system 
given the input rate and processing time. 

Evidence is accumulating, however, that input rate 
and processing time are rarely independent; that people 
working in the conditions described above are sensitive 
to the input rate as a distinct feature of the system. 
There is, for example, a widely held belief that people 
will work faster in order to keep up with an increasing 
rate of occurrence of work. This phenomenon has been 
casually observed quite often, but the relationship has 
never been formally studied. On the other hand, one 
might consider that the proverb ‘more haste, less speed’ 
expressed the opposite view. Perhaps because the conse- 
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quences might be more serious in practice, this latter 
effect has been sought and demonstrated in the labora- 
tory.1 Mackworth? too has drawn attention to the 
possibility of its presence in the control room of modern 
naval ships, whilst the harassing effects of over-fast work 
rates have been noted in telephone operators by 
le Guillant et a/.3 In fact it seems likely that both views 
are correct and that the type of work, and perhaps the 
type of person, determines whether faster or slower 
work will result from an increased input rate. But in 
neither case can one say that the quantities involved 
have been adequately determined. 

These questions are pertinent to the problem of 
staffing operator-manned telephone exchanges, where 
the output might be expressed in terms of the delay 
encountered by subscribers waiting for an operator to 
answer. The classical work of Erlang, described by 
Brockmeyer, Halstrém and Jensen,‘ facilitated the 
solution of many of the problems involved in the pro- 
vision of equipment at automatic telephone exchanges, 
and more recently Wilkinson5 has shown that the 
derived formulae might be suitable for dealing with the 
staffing problems of manually operated exchanges. In 
his solutions, Wilkinson makes use of assumptions 
originally proposed as applicable for automatic equip- 
ment; the most important of them is that switching time 
is independent of traffic, or in the context of a manual 
exchange, that the rate at which calls enter an exchange 
does not affect the time taken by operators to deal with 
them. If this assumption is accepted and operator time 
known, the exchange can be staffed according to the 
quality of service required as measured in terms of sub- 
scriber delay. 

In view of the doubt surrounding this assumption, the 
experiment described below was made to test its validity 
by systematically varying the number of calls per operator 
per unit time. This took place at the Thanet cordless 
exchange, a relatively small exchange serving part of the 
coastal area of Kent. 


The Method Used 


Predicting Traffic. Since a 10% sample of all calls entering 
the exchange was automatically counted, and con- 
tinuously indicated on a meter, it was possible to make 
the main experimental variable the rate of work in terms 
of calls per operator per hour ; the number of calls entering 
the exchange divided by the average number of operators 
on duty during an hour. The experimenter had no control 
over the number of calls made by subscribers, but could 
vary this rate by controlling the number of operators 
present to deal with them. The pattern of traffic change 
was such that it was worth while controlling the number 
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of operators at half-hourly intervals. This control clearly 
had to be exercised in advance of the actual traffic, the 
expected traffic being predicted. 

A curve was roughly fitted to the daily traffic totals 
covering the dates of the experiment but for the previous 
year. It was provisionally predicted that the values on 
































Classification of Data 
Calls/operator/hour sien ie 
Group - hours 
Range Mean 

¥ 1 20-23 -9 22-5 11 
2 24-27°9 25-9 29 
3 28-31-9 29-6 21 
~ 32-35°9 34-0 28 
5 36-399 37°6 21 
6 40-43 -9 41-9 29 
fs 44-47-9 45-9 i2 
8 48-55 °9 51-2 8 




















N.B. One hour of work when the traffic level exceptionally rose to 65-3 
was excluded from the data. 


that curve would hold once again, and on those daily 
totals and on the changes expected during each day, 
staffing schedules were drawn up to meet the demands 


| of the experimental design. But during the experiment 


the amount of incoming traffic was continuously moni- 
tored, leading to frequent modifications of the staffing 


' schedule with very little notice. The volume of traffic 


during the first hour of a day, for example, often provided 
a guide as to the likely total for that day. But at any 
time departures from predicted levels had to be expected. 


The Experimental Design. Ideally to describe the desired 
relationship, operators should have worked with a 
number of controlled traffic loads in a random order, 
with several replications to minimize transfer effects 
from one condition to another and balance out special 
effects due to working on different days of the week. 
But because of the influence of the many unpredictable 
factors which determine traffic loads, only an approxima- 
tion to this ideal was practicable. In the event, over the 
four-week course of the study, the discrepancy between 
predicted and actual traffic loads was only 0-14%, but 
during any one day it rose to a maximum of 6-7%. The 
effect of this discrepancy was to nullify the value of the 
idea of a number of discrete traffic loads. 

Accordingly, at the end of the experiment the data were 
considered as a whole, and were regrouped so that the 
traffic loads fell into eight mutually exclusive ranges 
irrespective of time of day or day of the week. These 
latter secondary variables were treated separately, 
statistical analysis indicating that the main results would 
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be relatively little distorted by these particular factors 
since their effects were fairly evenly distributed. Re- 
grouping the data in this way forbade the use of certain 
convenient statistical treatments of the results. It will, 
though, be shown that the main results are sufficiently 
clear without submitting them to precise statistical test. 
The table in the adjacent column shows the way in 
which the data were regrouped. 

Throughout the following analysis of results, the mean 
values of calls per operator per hour shown in the table 
will be regarded as the main experimental variable. 


Description of Terms. The time during which a subscriber 
waits for an operator to answer is the time to answer 
(TTA), and is one measure of the quality of service. The 
TTA of every tenth call was automatically counted, the 
summed value of successive counts being shown on a 
meter. The value of the average TTA over a period 
depends on the calls per operator per hour, the number 
of operators, the average operator time per call and the 
distribution of this latter time. Since the first two quanti- 
ties can generally be given and the last is usually assumed 
to be constant in form, it can be seen that an under- 
standing of the relationship between traffic and average 
operator time per call is essential for predicting the TTA 
for different traffic levels. 

An operator’s time can be clearly defined in three 
parts: (a) dealing with one call and unable to accept 
another; (6) dealing with one call, but the work such 
that she would be able to accept another; and (c) no 
work in hand at all and hence able to accept a call. In 
defining operator time per call, the purpose of the 
definition must be considered. From the viewpoint of 
predicting the TTA, (a) is the only relevant part. From 
the point of view of assessing idle or resting time, (a) 
and (5) must be added together. 

When an operator is ready and available to accept a 
call whether or not she is still working on another, she 
presets her equipment, thus giving access to a call when 
it arrives. An operator can thus be preset with no work 
in hand, or preset and still working but ready to accept 
another call. For simplicity of definition, these states can 
be represented schematically as follows: 





PRESET WITHOUT WORK | PRESET WITH WORK 








OPERATOR TIME OPERATOR TIME 


INCLUDING PRESET | EXCLUDING PRESET 











<_ Total time > 








If operator time can be measured as a proportion of total 
time, an average value of operator time per call can be 
calculated as follows: 
(Proportion of total time 
spent on ti 3600 
Operator time per call (sec) = beth ee 


~ Number of calls per operator per 
hour 
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Method of measurement. The snap-reading method 
described by Tippett® was used to measure the proportion 
of the total time spent in operating. Briefly, a number of 
independent observations of operators are made; these 
are recorded, and after classification give the pro- 
portions of all observations made when operators were 
engaged in defined items of work. Since the observations 
represent a sample of the total time, proportions of total 
time are obtained. If, for example, 1000 observations 
are made, and, of these, operators are seen to be preset 
on 300 occasions, then one can say that operators are in 
the preset position for 0-3 of the total time, i.e. 18 min/h. 

Several experienced telephone operators were employed 
as observers after training in cordless-board operating 
and observing. The times of observations followed a 
time-table intended to randomize them with respect to 
the work being observed. Rounds of observations were 
made approximately every three minutes, enabling the 
following results to be based on some 29 000 observations 
divided amongst the eight traffic loads. 


Results 

Effect of traffic level. In any paced man-machine system 
(i.e. the input rate not under the operator’s control) with 
a random input of work, such as for example a telephone 
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exchange, regardless of the distribution of the service 
time there will be times when work waits for the opera- 
tor and times when the operator waits for work.” 
Changing the demanded speed of work changes the 
balance of these waiting times. Fig. 1 shows the effect of 
traffic load changes on the average time that subscribers 
waited for their calls to be answered (TTA), and on the 
average proportion of time that operators were waiting 
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for calls to arrive. This latter relationship is shown in 
two parts: operators preset without work (lower values) 
and operators preset with work. The lower set of values 
of preset proportion represent time during which opera- 
tors have nothing to do at all. But it is the higher set of 
values that determine the waiting time of subscribers, 
since it is during this longer period that operators will 
answer fresh calls. 

The average TTA depends on the number of operators 
available to answer calls. Other things being equal, the 
more operators there are, the shorter the TTA. Hence 
Fig. 1 could not itself be used to predict time to answer 
at a larger exchange with many more operators. But for 
any given exchange with its own characteristic traffic 
loads, the traffic load can be varied only by changing the 
number of operators. Thus a relationship similar to that 
shown in Fig. 1 (x X xX) might be expected for a larger 
exchange. The proportion of preset time, however, 
depends only on traffic load and operator time per call. 
The relationship of Fig. 1 (000) expressing this is there- 
fore likely to hold for other exchanges regardless of size. 

Converting the proportion of preset time in the 
manner described earlier gives the values of operator 
time per call shown in Fig. 2. Plotting these against the 
logarithm of the traffic level results in a close approxima- 
tion to a straight line, with a marked shortening of the 
time as traffic level is increased. Increasing the number 
of calls per operator per hour from 25 to 50 decreases 
the operator time per call by roughly 30 sec (about 30%). 

Since the TTA depends partly on operator time per 
call it is clear that the relationship shown in Fig. 1 
between traffic load and TTA differs from any that might 
be calculated on an assumption of constant operator 
time. But if the relationship in Fig. 2 can be accepted as 
of general validity, a basis is provided suitable for 
modifying current conceptions of average delay in 
answering calls. 


Discussion 

When considering the results presented, we have to 
remember that the measures of human performance 
made were indirect and are subject to sampling errors. 
This sampling error is unlikely to be large, because a 
relatively large sample of work has been examined, and 
it is even less important in considering trends rather 
than absolute values. Again with several observers, 
systematic errors of individual observers may begin to 
cancel each other and in any case are unlikely to affect 
the general trends. But measurement was not by clock, 
and this fact should be borne in mind as a caution. 

It might, though, be relevant to note that, some time 
after the experiment had ended, the normal staffing 
schedules were redrawn for a trial period of several 
months. The intention was to maintain the average 
traffic load per operator at a considerably increased value, 
to see whether the resulting time to answer under ordi- 
nary operating conditions differed substantially from 
that recorded during the experiment. In fact, for com- 
parable loads, the difference was within approximately 5 %. 
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The experiment, however, was carried out at an atypical 
exchange, and the general validity of the effects shown 
may need revision. In this connection one might 
distinguish between primarily psychological effects, and 
primarily bio-statistical effects. Operator time per call is 
an example of the former. The decrease shown with 
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2 The variation of operator time per call with traffic load 


© Operator time including preset work. 
e@ Operator time excluding preset work. 


increased traffic must be understood entirely in terms of 
a free human reaction to environmental changes. The 
system within which the operator worked may have 
encouraged her to work faster, but it could not compel 
her to do so. The proportion of operator waiting time, 
on the other hand, is a bio-statistical function. It depends 
partly on how fast the operator works, and partly on how 
frequently calls arrive. The psychological functions 
found from this study are likely to hold for other types 
of exchanges; the bio-statistical functions would need to 
be carefully examined to determine how far they would 
be disturbed by changes in the more mechanical features 
of some other exchange. 

The present state of telephone exchange mathematics 
theoretically enables one to predict the average time to 
answer and the proportion of operator idle time if 
operator time per call and traffic level are known. But in 
attempting to predict the effects of changes of traffic 
level, some estimate must be made of what the operator 
time per call will be under the changed conditions. The 
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results of the present experiment show that such an 
estimate can be quite practicably made. 

Fig. 1 adopts the useful concept developed by 
Brigham’ of counterposing the delays on either side of 
the ‘store counter’. One can, for example, decide on an 
acceptable level for average time to answer and read off 
along the bottom axis the traffic level which would give 
that value. One can read from the left-hand vertical axis 
the proportion of operator waiting time that there would 
be at this traffic level. So long as the relative importance 
of delays on both sides can be established, the optimum 
traffic level can be determined. But this will not necessarily 
be at the intersection point, unless the two vertical axes 
are scaled in units to represent steps of equivalent impor- 
tance. This serves to emphasize the need to consider 
operator performance very early on in the design of 
exchange equipment. One might easily design a system 
to give (e.g.) a five-second time to answer, and then find 
that the traffic level required also leaves operators either 
with too much or too little idle time. 

The effect of the demonstrated dependence of operator 
time per call on traffic level has*a considerable influence 
on the performance of the system regarded as a whole. 
Consider a case where 360 calls arrive per hour, handled 
by 12 operators. For a traffic level of 30 calls per operator 
per hour, Fig. 2 shows operator time per call to be 
about 68 sec. One might wish to predict what the average 
time to answer would be if the number of operators were 
to be reduced to 9. From published graphs (e.g. those of 
Wilkinson’), if operator time is assumed to be inde- 
pendent of traffic, the predicted time to answer would be 
about 10sec, which would probably be unacceptable. If 
the dependence is recognized and the operator time 
taken for a traffic level of 40 calls per operator hour, i.e. 
about 61 sec, then the calculated time to answer would 
be approximately 4-Ssec. If constant operator time is 
accepted, predictions of time to answer will be too high, 
and more operators will tend to be used than would be 
needed to give the desired service. 

The method used has proved to be a useful tool for 
studying the behaviour of the system as a whole, yielding 
information about the performance of the equipment 
and the operators, and in particular about the per- 
formance resulting from the interaction of the two. 
Current queueing theory, when it has been applied to the 
problem of predicting the output of a system with 
known input, has of necessity considered only the case 
where the ‘service time’ is independent of the input rate. 
Where ‘service’ is by human beings it is almost certain 
that this case will not provide correct solutions. In the 
present example a psychologically highly complex 
operation made up of many components has been shown 
to decrease in time with an increased input rate. One 
cannot at present predict with certainty for a specified 
operation what effect input changes will have, but in 
any case an assumption of independence will be dubious. 
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CORRESPONDENCE 


VARYING ATTITUDES ON TECHNICAL 
CHANGE IN HISTORY 


From H. W. S. MARSHALL, AssociATE MEMBER* 





I am writing apropos of the article by Mr. Landon Goodman 
in the Journal for October 1957. When I was an apprentice I 
had to rise early in the morning. Too often, especially in the 
winter, the alarm would ring, I would shut it off, and I would 
then go through in detail the whole unpleasant business of 
getting up and getting dressed; but only in my imagination. 
Then, with a sigh of relief and a clear conscience, I would 
relapse peacefully back into sleep. But there was, of course, 
a reckoning afterwards. 

It is interesting to observe a parallel in industry to-day. The 
alarm is the realization that, because of falling profits, 
increasing competition, shortage of labour, or other similar 
changes in the general situation, something must be done. The 
act of imagination is the new directive on policy that is 
hatched out, that looks quite excellent on paper, and that 
may even be so. The slipping back to sleep again is the failure 
to realize that words must be backed by deeds, and that 
continuous and patient effort is necessary to obtain the 
practical implementation of a new policy. 

The majority of more senior executives, being human and 
seldom as young as they were, have an inherent devotion to 
the status quo and a built-in resistance to anything that calls 
for a change in their normal habits—especially a change in 
their normal habits of thought. On the face of things they 
may accept a new policy directive, because there is rarely any 
alternative but to appear to do so at least; but they may not 
back the new policy, and may often successfully oppose it by 
passive resistance or deliberate half-measures. Many will even 
be genuinely unconscious of the fact that this is what they are 
doing. 

The new and ever-changing policies that are necessary to-day 
in every field covered by management require deliberate and 
unremitting effort to obtain their timely and effective imple- 
mentation. But management seems to be permeated at all 
levels by the belief that nine-tenths of the job is to appreciate 
a problem, conceive a solution, and prepare a directive; 
whereas in fact at least nine-tenths of the real job is to get the 
directive understood, accepted and implemented. Few policy 
directives will be effectively implemented unless they are 
* Mr. Marshall is with the Iraq Petroleum Co. 
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genuinely accepted, and few will be so accepted unless they 
are first fully understood by all concerned. 

When management discovers, possibly rather late in the 
day, that the beautiful new directive on policy does not seem 
to be producing the expected results, but that all is going on 
much as before, the natural reaction is to deliver a swift kick 
downwards. This may certainly achieve results, though these 
are not likely to be the ones desired when the policy was 
formulated. One probable result will be a considerable, if 
temporary, dislocation of the organization concerned, in 
which the just will suffer with the unjust; in fact the just will 
probably suffer more, for, being keen on their job, they are less 
likely to pay attention to the instinct of self-preservation. 
Another probable result is to inculcate in the organization an 
abiding dislike and distrust of the new policy that is causing 
all the upset. 

The need to-day for any management actively to educate 
every person in its organization to accept the necessity for 
rapid and continuous change seems to be much less appre- 
ciated in Britain than in America; but perhaps this is under- 
standable. There never has been a time in America when the 
rate of change in the general mode of life of the population 
was not fairly rapid. In Britain, however, there have been long 
periods in its history when any change in the general mode of 
life of the majority of the population has been so slow that 
it seems to have bred acceptance of, and a liking for, the 
Status quo as a national characteristic. Unfortunately, what- 
ever the virtues of this characteristic, it is not suited to the 
industrial conditions prevailing to-day. 


DIMENSIONS IN DISPUTE 
From H. G. GANGE, GRADUATE 


The mathematics of modern science has, I believe, only an 
operational validity, and its processes are not necessarily 
concerned with reality. Length, mass and time, however, 
belong to the real world and are inseparably interwoven in it. 

Another ‘world’ is created by the terms length, mass 
and time when related in accordance with the whole field of 
modern mathematics. A certain regularity is discernible in 
the natural world, but it would appear from the article 
‘Dimensions in Dispute’ in the November Journal that this 
other ‘world’ is not so consistent. 
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Some History 


NE of the important things that must be 
(Jenin about public electricity distribution 

networks is that they have evolved over a long 
time and therefore contain many features of past practice. 
These features have a bearing on future design, because 
one has always to make the best use of what one has, 
and they make it somewhat difficult to be categorical 
about a distribution network, because it is never a 
coherent entity exhibiting characteristic features uni- 
formly throughout. 

Quite apart from progressive changes in distribution 
practice as techniques have improved over its 60-70 years’ 
existence, the electricity supply industry has passed 
through several eras which have had a considerable effect 
on development. First there was the d.c. era, when each 
power station served its neighbourhood within a very 
small radius, strictly limited by the use throughout of the 
voltage at which the consumers were supplied. Next 
came alternating current, with generation usually at 
6-6kV. This enabled the distribution distance to be 
greatly increased, but still it was characteristic for most 
localities to be supplied by the local power station, and, 
as the load grew, more and more generating plant was 
installed there. The third era began with the introduction 
of the 132kV Grid under the 1926 Electricity Act. Even 
this did not alter the basic feature of a distribution system 
being centred on a single supply point, because, although 
the Grid did interconnect generating stations, certain 
provisions of the Act made it uneconomic for most 
undertakings to take a supply at more than one point. 

So we see that from the beginning distribution systems 
continued to be developed each around a single point of 
supply. This method of development had the inevitable 
result that many distribution centres became much too 
large for the voltage in use. 

The fourth era, that of complete integration, is the one 
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Manweb Distribution 


This article discusses some aspects of electricity distribu- 
tion in the light of present practice in the area of the 
Merseyside and North Wales Electricity Board (Manweb). 
It is founded on the address given in Liverpool on the 
Ist October 1956 by Mr. Stowell as Chairman of the 
Mersey and North Wales Centre of The Institution for the 
year 1956-57. The author is Chief Engineer of the Mersey- 
side and North Wales Electricity Board. 


PETER @EYNCOURT STOWELL, 
B.SC.(ENG.), MEMBER 





we are now in. It started in 1948, as a result of the 1947 
Electricity Act. The Act made it possible to depart from 
the idea of distribution networks emanating from a 
single point of supply, and to adopt an integrated method 
of distribution which would make full use of a system of 
networks at different voltages, fed in succession one from 
another. 


Distribution Networks in the Manweb Area 


At the time the Merseyside and North Wales Electricity 
Board came into being in 1948 (Fig. 1, p. 16), the distribu- 
tion system taken over consisted of sections operating at 
practically every voltage used in Britain, from 110 volts 
up to 132kV. The networks that were most common 
were those at 240/415 volts, 6-6kV, 11 kV, 33kV and, 
of course, the 132 kV network. 

Although the nominal 240/415-volt distribution net- 
work is the one that has perhaps the least notice taken of 
it, any distribution system invariably has a considerably 
greater mileage of mains at this voltage level than at all 
the other voltages put together. Manweb now has 
7700 miles of 240/415-volt mains out of a total of 
14000 miles of mains; and it is in the 240/415-volt 
networks that about half the Board’s invested expenditure 
lies. Moreover, this expenditure consists not only of the 
cost of the cables—I refer to the urban underground 
systems—but of the cost of burying them in the ground, 
and this is at least as expensive as the cables themselves. 
It follows that it is seldom economical to lay down small 
mains in the first place and to add additional copper 
later as the load grows, because of the cost of digging up 
the ground twice. At the same time one obviously 
cannot afford at the outset to put down a network of 
mains and substations which would cater for all future 
needs, even if one knew for certain what the future had 
in store. However, the load with which a network can 
deal can be increased enormously without increasing 
the size of the mains, by increasing the number of 
feeding points, so increasing the number of paths over 
which the power can be distributed and, at the same 
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1 Manweb main transmission network 


time, reducing the distance over which it has to be 
distributed (Fig. 2). It is, of course, well known that 
voltage drop is one of the most important limits to the 
capacity of a distribution network, particularly at the 
lower voltages, and that if the distribution distance is 
halved the power that can be distributed is doubled. 

Therefore, it is sound practice to aim at a network of 
240/415-volt mains, which, once provided, will not be 
expected to require material additions at any future 
time, and, of course, it is desirable economically to use 
the minimum size of cables that will serve this purpose. 
The network is fed by transforming stations, and the 
distance to be distributed, and hence the capacity of the 
network, are determined by the spacing between the 
substations. So, at the beginning, when the demands on 
the network are relatively small, a limited number of sub- 
stations are provided, others being added progressively 
as the load grows. 

To make this arrangement work out in practice, the 
mains should be of reasonably uniform size throughout; 
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otherwise it is impossible to add a new substation 
without expensive additions to the 240/415-volt mains 
to connect it into the network. Unfortunately, in some 
of the networks put down in the past, the principle was 
adopted of using a large variety of sizes of mains to suit 
the expected load on them. Thus very large mains were 
used near the initial substations, where the current was 
high, tapering to small mains on the fringes between 
substations, where it was low. As a consequence there 
was a tendency to enlarge the size of substations without 
increasing their number, instead of increasing the number 
and retaining a uniform size of substation; in particular, 
transformer sizes tended to grow larger. 

Large transformers for 240/415-volt distribution, say 
of 1000kVA and above, are undesirable, because the 
loss of any one of them due to breakdown is a serious 
embarrassment. With large transformers, and particu- 
larly with a tapered network, it is usually quite impossible 
to transfer the load to neighbouring substations. The 
consequence is that each substation has to be self- 


JOURNAL I.E.E. 





suppo! 
station 
obviot 
consid 
forme! 
the lo 
among 
possib 
system 
arran¢ 
but al: 
The 
240/41 
netwo 
reasor 
which 
short 


cables 


Large’ 

The 
netwc 
devia! 
at lea 
denti: 
whic 











as 


Ly 
1e 
1S 
]- 
le 
e 
f_ 


supporting, and duplicate transformers in each sub- 
station become the rule rather than the exception. This, 
obviously, means a poor utilization factor and adds 
considerably to the cost. If, on the other hand, trans- 
former sizes are limited and the network is not tapered, 
the load of any one transformer can be redistributed 
among its neighbours, and high utilization factors are 
possible. This is the principle of what I call the network 
system, which I wholeheartedly believe to be the best 
arrangement; it applies not only to the 415-volt network, 
but also to the higher-voltage networks. 

The largest transformers now used by Manweb to feed 
240/415-volt networks are rated at SOOKVA, and the 
network itself is composed mostly of 0-lin? cables 
reasonably uniformly throughout—except for spurs, for 
which smaller sizes are satisfactory, and for the very 
short connections into the substations, where 0-2in? 
cables are occasionally necessary. 


Larger Loads 

The foregoing is especially appropriate to those 
networks where the load of each consumer does not 
deviate too widely from the average value. Potentially, 
at least, this is true of networks serving suburban resi- 
dential areas. But, of course, many networks exist in 
which, in the course of time, the character of the load 
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alters owing to change in the use of premises, and here 
and there individual loads much greater than the average 
appear. Both here, then, and in industrial and urban 
areas, one has the problem of how to deal with these 
larger loads, for there is obviously a limit to the size of an 
individual load which can be tapped off the 415-volt 
network (Fig. 3a) without running into serious trouble. 
The solution in general is that the larger individual loads 
must be carried on the high-voltage network direct. For 
really large loads the consumer is supplied at high 
voltage, i.e. 6-6kV or 11 kV (Fig. 3c), at which voltage 
the supply is metered, and the consumer himself trans- 
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forms to meet his requirements. As a quid pro quo, such 
consumers have always been offered a reduced tariff, 
which takes into account the reduced cost of supplying 
them. 

To give a supply at high voltage, however, entails 
considerable costs in switchgear and metering equipment, 
and this is substantially independent of the size of the 
supply. So there is a lower limit to the load for which a 
high-voltage supply is economic. 

And, by whatever scale one adopts, a considerable 


‘gap exists between the load which can be supplied 


economically from the 415-volt network and that which 
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can be supplied economically at high voltage. Although 
the upper limit for supply from the 415-volt network has 
usually been recognized, the lower limit of supply from 
the high-voltage network often escaped notice, and 
apparently still does in some areas. This lower limit 
occurs at about 500kVA, both for economic reasons and 
because it is virtually impossible to design a satisfactory 
current transformer of sufficiently small size for a 
primary current less than 40amp. This represents about 
500kVA at 6-6kV, or 800kVA at I1 kV. 

Of course, one way of getting round (rather than over) 
this difficulty is to give the supply on paper at high 
voltage, but to meter it at the 415-volt terminals of the 
transformers, and to use some calculated adjustment for 
transformer losses. This method has been used, but it is 
somewhat roundabout and has little influence on the 
economics of the case. 

Every endeavour is made by Manweb to work to a 
limit for supplies direct from the 415-volt network in 
the region of a demand of 60kW, or 100kW of installed 
load. For higher demands, supplies are still given at 
415 volts but not direct from the network; the supply is 
through a transformer (Fig. 3b) which the Board provides 
on the consumer’s premises, and there is a separate 
tariff for this type of supply. As the high costs associated 
with the 415-volt network are not incurred, the tariff 
can be much more attractive than for supplies direct from 
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the 415-volt network. The consumer has to provide on 
his premises space and housing for the high-voltage 
equipment and transformer, but no more than he would 
for a high-voltage supply, and he has the advantage that 
he does not become the owner of high-voltage equipment 
which he may not have the staff to operate, nor has he 
to worry about the breakdown of this equipment. The 
standby supply is provided by Manweb from neigh- 
bouring transformers over the 415-volt network, and 
this arrangement also enables economic use to be made 
of any transformer capacity which, at any time, the 
consumer does not require. So it is possible to offer a 
tariff for 415-volt supplies from a transformer, which up 
to 500kVA is normally more attractive to the consumer 
than any other tariff. 


High-Voltage Distribution 

Apart from some 250 miles of high-voltage mains at 
half a dozen different voltages below 6kV, the high- 
voltage distribution in the Area is at a nominal 6-6kV 
or 11 kV. 

On Vesting Day practically all the densely loaded 
urban areas used 6-6kV, and the greater part of the less 
heavily loaded rural areas used 11 kV. Some undertakings 
were modifying their 6-6kV networks to operate them 
at 11 kV; others were quite satisfied with 6-6kV. Such 
modifications are expensive, particularly in urban areas, 
and I consider that the increased capacity is better 
obtained by spending money on the development of a 
33 kV network. But in the Manweb Area the boundaries 
between the 6-6kV and 11kV networks have been a 
considerable handicap to proper development of a high- 
voltage network. So the length of these boundaries is 
being reduced as far as possible by eliminating the 6-6 kV 
network from rural areas, and from all the smaller urban 
areas where it exists surrounded by 11 kV lines. The 
larger areas of 6-6kV network will remain, but the 
boundaries are being retracted somewhat to the most 
satisfactory position that can be found. Nevertheless, 
apart from transformers, all the equipment which is being 
used on these networks is suitable for operation at 11 kV. 

At one time almost all the generating plant fed direct 
into the 6-6 kV and 11 kV networks. The present position 
is vastly different, and the generators connected to 6-6kV 
and 11 kV networks now represent only 15% of the total 
capacity. Generators connected to the 33kV network 
and the 132 kV network at present make up the remainder 
of the total about equally. Generation at 6-6kV or 11 kV 
led inevitably to high values of short-circuit power. Even 
when generation ceased at a point in the network it was 
natural to substitute an equivalent capacity of trans- 
formers, because sufficient copper was installed to 
distribute a large supply from the point. So short-circuit 
levels of about 500 MVA at 6-6kV and 11 kV are still 
in existence in some places. 

Many people seem to think of short-circuit levels as 
being concerned only with switchgear. The attitude is 
rather that if a proposal results in a particular short- 
circuit level at a predetermined voltage, all that has to 
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be considered is whether switchgear of that rating is 
obtainable and whether the scheme can bear the cost of 
it. I believe this attitude to be something of a snare and 


delusion. Almost all components of distribution systems & 


are, sooner or later, affected by fault conditions, and they 


have to sustain these conditions for the short time during ke 


which a fault remains on the system. This may be two 
seconds, and cables which carry more than S5O0kA/in? 
for this time cannot be guaranteed not to have been 
permanently damaged throughout their length. So, on 
this hypothesis alone, it follows that even if the network 


33kV 
7-S5MVA 


kV or 6-6kV 
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4 Preferred grouping of transformers in the Manweb Area 


a Three transformers. b Two transformers. 
The arrangements are equally applicable to 132/33kV transformers. 





contains no conductors of less than 0-3in? the fault 
current should not exceed 15kA, no matter what switch- 
gear can be designed to do. 

A fault current of 13-1kA has been adopted by 
Manweb as the maximum permissible both with 6-6kV 


networks, for which it represents a short-circuit level of fi 


150 MVA, and with 33 kV networks, for which it repre- 
sents 750MVA. At 11 kV, 1S0MVA is also normally 
used as the short-circuit level, because the 11 kV networks 
happen to be less densely loaded than the 6-6kV ones; 
there is thus no general need to make use of the higher 


short-circuit level of 250 MVA, which corresponds to fi 


13-1kA at 11 kV. 


Transformer Arrangements 

To keep short-circuit levels down to the stated figures 
is not easy. It entails, in particular, avoiding the concen- 
tration of too much transforming capacity at any one 
place. This is a good thing to do, in my opinion, for 
other reasons similar to those I have already given in 
discussing large substations for feeding a 240/415-volt 
network from a high-voltage one. 
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iting is} There exists, however, the contrary opinion which 
cost of favours large substations because of the difficulty in 
ire and Ipbtaining substation sites. But, if the largest transformers 
systems fare used, it is possible to keep the short-circuit level low 
nd they only by arranging that each transformer feeds a separate 
during ection of network, and full duplication is then invariably 
be two fnecessary. Such an arrangement has the disadvantage 
kA/in? hhat it is virtually impossible to contrive that the circuits 
e been 
So, on 
etwork 


Substations 











Distributed in-feeds to a network 








ve alternative means of supply, so that each fault 
uses an interruption of supply, and restoration has to 
effected by switching. On the other hand, if two or 


vA ee transformers operate in parallel, it can be arranged 
4 t supplies will not be interrupted at all on the occur- 
nce of a fault. This is a decided advantage and forms 
¢ basis of Manweb policy. Then again, there is a choice 
VA tween installing several transformers at one point—at 
least one acting as spare for the others, and doing no 
ore than that—and installing each transformer at a 
ifferent point. The second method has the merit that 
ies ¢ distances over which the power has to be distributed 
t the lower voltage are considerably less, with less 
ormers. voltage drop and lower distribution losses. So Manweb 
____ fpolicy is based on using groups of two or three trans- 
ormers, each one at a separate substation where possible 
fault (Fig. 4). The impedance of the network between them 
vitch- permits an aggregate capacity of 22-5 MVA (i.e. three 
‘SMVA transformers in parallel) without exceeding a 

d by {short-circuit level of 150 MVA at 6-6kV or I1 kV. 
‘6kV | In my opinion, the ability to parallel three transformers 
vel of fis a very advantageous arrangement. It is desirable to be 
epre- fable to add transformers to the network one at a time, 
mally jand, to maintain full continuity of supply, two at least 
vorks jmust be paralleled. A little consideration shows that the 
ones; jability to parallel three is necessary to avoid one having 
igher fto be the odd man out. The arrangement of transformers 
is to jin pairs—a popular arrangement, but undeservedly so, 
think—means that under normal conditions transformer 
oadings should not exceed half of their capabilities. 
With three transformers the corresponding figure is 
sures ttwo-thirds, which is 33% better. This applies when three 
icen- ftransformers are located together. When they are 
one jdispersed singly, on a network, the conditions can be 
, for even better, because each transformer (Fig. 5) is then 
‘NM IM jgeometrically surrounded by about six others, and, if the 
-volt jsize is not excessive compared with the transfer capacity 


f the network, there will be sufficient spare capacity 


E.E. JANUARY 1958 





even if each transformer is normally loaded up to 
six-sevenths of its capability. This would be 70% better 
than for paired transformers. 


The Economic Load Limit for High-Voltage Supply 


Just as there is an economic limit (100 kW) to the size 
of individual load which can be tapped off the 415-volt 
network, so is there an economic limit to the size of 
individual load which can be tapped off a 6-6kV or 
11 kV network. The limit is obviously related to voltage, 
and 1 500kW at 6-6kV corresponds in round figures to 
100kW at 415 volts on a pure voltage basis. Actually 
other factors affect the problem, and it is usually eco- 
nomic for an individual consumer’s load up to 3000kW 
to be tapped off a 6-6kV network. The limit of 100kW 
at 415 volts is fairly widely acknowledged, but the 
3000 kW limit for a 6-6kV network does not seem to be 
so generally recognized. Again, supplies given and 
metered at 33 kV, leaving the consumer to transform to 
his utilization voltage, are not economic for loads below 
about 10000 kW. Therefore, Manweb practice for a load 
above 3000kW is for the Board to provide a trans- 
forming station on the consumer’s premises (Fig. 6). 
The consumer provides the site and building and takes. 


RANGE OF LOAD METHOD OF SUPPLY 


= 


ce 
6OkW | 415-volt network (Fig.3¢) 





|1OOkWF- 
, 415-volt supply from Manweb 
SOOkWFE  , [transformers on the premises (Fig. 3b): 
1OOOkKWF 6-6 KV of IIkV network (Fig. 3c) 
2000kW-- 





Z3OOOkWEL 7 
6-6kV or IIkV supply from Manweb 
transformers on the premises (Fig. 3d) 





1IOOOOkW EF 
6 Load ranges for alternative methods of supply to consumers 





over the supply at 6-6kV or 11 kV according to the 
network voltage near his works (Fig. 3d); that network 
is used to provide the consumer’s supply in emergency 
and to absorb surplus transforming capacity. For 
supplies from 33 kV substations on a consumer’s premises, 
special terms are available, so that here again the con- 
sumer is given the benefit of the advantages which accrue 
from his load not normally involving network costs. 


Feeding the 33kV Network 

The supplies to the 33kV network now come direct 
from the 132 kV Grid and are the subject of arrangement 
with the former Central Electricity Authority. The 
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conditions are basically no different, however, from 
those obtaining at lower voltages. The points of supply 
to the 33kV network must again be limited in capacity, 
or there result short-circuit levels higher than 750 MVA, 
which are undesirable. In this Area the preferred size of 
Grid transformer is 45 MVA. It permits three such units 
to be run in parallel within the 750 MVA limit at 33 kV 
(Fig. 4a). There are at present in the Area a number of 
points of supply having a single 45 MVA transformer. 
Two or three such transformers will be run in parallel 


132kV, 2X45MVA 





33kV  -33/IIkV or 33/6-6kV 
substations 


Supplied by trans- 
formers A, and Ba 






O 
transformers ~~ 
C,and A> ™ 










Supplied by 
transformers 
B, and Co 


2X45MVA a 2X45MVA 


so that no transformer is merely a standby for another, 
and each is effective all the time to assist in reducing 
losses, and in maintaining a uniform voltage throughout 
the 33 kV network. 

The more orthodox two-transformer arrangement is 
also being continued, but investigations have shown that 
the custom whereby the two transformers are normally 
run in parallel, with a split in the network between 
adjoining supply points, can be improved upon. The 
defect in this arrangement is that the necessary splits 
prevent the 33 kV circuits being fed at both ends, which 
is desirable in the interests of supply continuity. It is 
normal to connect the two transformers to separate 
sections of busbar, and the alternative method makes use 
of this arrangement by normally running with the bus- 
section circuit-breaker open to separate the pair of 
transformers, and having each of a pair of transformers 
paralleled through the network with a corresponding 
transformer at a neighbouring supply point (Fig. 7a). 
The 33 kV circuits are then fed at both ends of each from 
independent points of supply. When one transformer is 
out of service, it is still possible to maintain the double- 
ended feeds by closing the bus-section circuit-breaker 
at the supply point affected (Fig. 7b). With 45MVA 
transformers, this is permissible within the 750 MVA 
limit for the short-circuit level, and the arrangement 
allows each pair of supply points to be loaded to the 
capability of three, instead of two, out of the four 
transformers. 
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Supplied by 
transformers Aj, Bo and C; 
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Switchgear and Protective Gear 

One of the facets of electricity distribution engineering 
on which opinion differs most is switchgear. The reasoy 
for this varied opinion undoubtedly lies in the fact tha _ 
switchgear in general is the least useful feature of g 
distribution network. Everyone accepts that cables ang 
overhead lines perform the necessary function of distrib 
ting the electricity from place to place, and tha 
transformers perform the useful function of changing 
from one voltage to another, but switchgear—using th 
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7 Operation of Grid ~ a 
parallel through a 33-kh 
network 


a All transformers in pee 











b One transformer out 
service. 











ui 
O © Circuit-breaker closed. ow 
: Oy 33kV wees n 
Supplied by © Circuit-breaker open. Bate 
transformers - muni 









b 2X 45MVA 



















term broadly—although it is comparatively expensive 
fulfils only two rather negative functions; first, it remove, 
faults from a network which would be better if it ha 
no faults, and, secondly, it enables maintenance to b 
carried out on other network components which wou 
be better if they needed no maintenance. Nowada 
much time is properly spent in trying to eliminat 
switchgear—the passenger on the network—as far a 
possible. 

Protective gear is part and parcel of switchgear. In @y:¢ 
desire for economy it is possible to take the attitude tha 
for instance, if a circuit-breaker cannot be eliminated 
altogether, it can at least be made less expensive by; 
reducing the protective gear associated with it. Indeed 
there is evidence that in some places, although circuitg; 
breakers have been accepted as a necessary evil, prope 
protective gear has been regarded as an even worse evi 
This, in my view, is the wrong approach to the matte 
altogether. It is something like having a body without 
brain. I believe that the proper outlook is almost th 
reverse. It works on the lines, first, of providing withou 
question the protective gear which is essential to dete¢ 
the faults that inevitably will go on occurring on 
network; and secondly, of providing the minimum 
number of circuit-breakers—the expensive components 
to remove the detected faults from the network. Thi 
entails deciding the largest amount of network that it i@ 
permissible to disconnect for each fault. Putin othe 
words, a circuit-breaker should be regarded as a fi 
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a Additional b 
substations 


I1kV or 
6-6kV 6-6kV 


i/IIkV or 


F I Development of transformer feeders into a ring main 
points ® 4 Stage 1 b Stage 2 
ge 1. age 2. 

1 33-ki a eee 


1 servicefelay in a protective system—the device, in fact, that 
out @nerely opens the main circuit when the protective 
uipment decides that it should be opened. 
One of the early applications of the ‘full-protection 
jninimum-number-of-circuit-breakers’ technique was the 
o-called three-switch 132kV substation with two lines 
nd two transformers, in which three circuit-breakers 
nre made to do all the duties for which another technique 
ould require five. In some Areas very extensive use is 
ade of transformer feeders as a means of eliminating 
_ Bwitchgear. However, the tie of equality which this 
‘entails between the ratings of feeder and transformer is 
“hp handicap, because the economic conditions governing 
he optimum size of the two are materially different. 
This arrangement also appears to have the disadvantage 
at a real network does not result. The wholesale use 
bf transformer-feeders leads, in fact, to each supply point 
being surrounded by circuits emerging from it radially, 
“end it would appear inevitable that future development 
ill tend in the direction of increasing the capacity of 
xisting supply points, instead of increasing their number. 
hat, in turn, could lead back to a situation which was 
“rharacteristic of a past era, namely excessive concentra- 
ions of power and excessive short-circuit levels. 
“s In the Manweb Area, transformers are connected 
circullitirect to feeders only in special instances, and their sizes 
“re not equalized because they are used simply as a stage 
n development of a network and not as a permanent 
eature (Fig. 8a). Economy in switchgear is, however, 
achieved by means of ring-main units. These could be 
"wegarded merely as a means of making extensible feeders 
‘onnected direct to transformers, but they are in fact 
sed as a complete arrangement of rings (Fig. 85). This 
Practice has been followed elsewhere, but to a much 
ore limited extent than is deserved by the flexibility 
‘poupled with economy which it provides. 
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ihe Future 


What has the future in store? Perhaps the most 
‘7emarkable thing about the electricity supply industry is 


1.E-EBANUARY 1958 








the way in which the load has doubled itself over and 
over again, in periods of time which have been as short 
as seven years and seldom longer than ten years. Every 
now and then there have been indications of a lessening 
of this rate of increase, but they have invariably turned 
out to be no more than temporary variations from the 
mean rate. It seems difficult to expect it to continue 
indefinitely, for saturation must eventually occur. But, 
in my opinion, saturation is still a long way off. The rate 
of load doubling every ten years could imply a doubling 
of the network every ten years, and the resulting necessity 
of building in the next ten years as much as has been 
built over ail the years to date. But in practice, the 
lower-voltage networks remain substantially unchanged 
and are made to carry an ever greater load by introducing 
injection points at ever decreasing distances. Most of 
the development that takes place, therefore, is the 
development of the higher-voltage networks. The 132 kV 
Grid was once regarded as a pure transmission network 
and it was, for instance, quite an event in the country as 
a whole when an additional transforming station was 
put into service. Now it is necessary in the Manweb 
Area alone to commission two or three new 132kV 
stations every year, and ten years from now twice as 
many will probably be needed annually. The 132kV 
Grid must, therefore, come to be regarded much more as 
a distribution network than anything else, and the same 
fate will no doubt in due course overtake the 275kV 
Supergrid as well. 

It is difficult at this time to foresee anything that could 
vastly affect the course of progress in electricity distribu- 
tion. Nuclear energy may do so eventually, but at present 
that energy seems unlikely to be distributed other than 
in the form of electricity. So I conclude with the thought 
that distribution networks will continue to grow, and 
that the growth will in general follow established practice; 
but existing methods and materials will continue to be 
progressively improved, especially perhaps in the field of 
insulation. Those people who are engaged in the distribu- 
tion of electricity can rest assured that the future holds 
much in store to keep them interested, for many problems 
have yet to be solved. There will be no shortage of work 
to be done, from which they will be able to derive 
pleasure and pride in rendering an ever more important 
service to the community. 





COVER CHANGES 


Even members who open their Journals hurriedly will not have 
escaped the sensation that something is different in the cover this 
month. The elements of the previous design are still there; but 
The Institution’s title has slipped back 90° in phase, to the relief 
no doubt of that band of critics who have always objected to 
reading from south to north instead of from west to east. Whether 
the colour is now a true electrical blue or a university one is 
problematical, but if the latter, those who support ‘another place’ 
and feel that The Institution’s East Anglian interests have been 
given over-tangible expression should remember that the Dark 
Blues had their innings on the Journal cover two years ago. It is 
hoped too that members will approve of the new use for the back 
cover, which last year was left blank to reduce the cost of ink used 
in printing the solid colour. 
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A REVIEW of the Proceedings, Parts A and B 








SHORT REVIEWS OF PAPERS 


Microwave Printed Circuits 


A short review of three Radio and Telecommunication 
Section papers (Nos. 2401, 2402 and 2444) entitled ‘The 
Application of Printed-Circuit Techniques to the Design 
of Microwave Components’, ‘Broad-Band Slot-Coupled 
Microstrip Directional Couplers’ and ‘Re-entrant Trans- 
mission Line Filter using Printed Conductors’, by J. M. C. 
Dukes, M.A., Associate Member. Papers 2401 and 2402 
were published individually in August 1957; paper 2444 was 
published individually in November 1957. The papers will 
be republished in Part B of the Proceedings. The author is 
with Standard Telecommunication Laboratories. 


DURING RECENT YEARS CONSIDERABLE EFFORT HAS BEEN 
devoted to reducing the cost, bulk and weight of micro- 
wave circuits, a trend which has been accentuated by a 
continual increase in complexity of the circuits. Indeed, 
some of the circuits proposed would hardly be prac- 
ticable in the absence of any drastic improvement in these 
respects. The problem has been attacked in a number of 
ways, most of which rely on improved manufacturing 
techniques, e.g. casting, electroforming, automatic 
tooling, etc., and the adoption of light-weight alloys. 
A further improvement can be obtained if the complete 
circuit is manufactured in the form of a single block 
instead of an assembly of isolated components. A more 
radical approach, however, has led to the consideration 
of several less conventional transmission systems as an 
alternative to hollow waveguides. Of these, perhaps the 
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1 = The four practical types of strip transmission line 
a Balanced line. b Microstrip. c Triplate. d High-Q triplate. 
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most promising is the strip transmission line, sev 
varieties of which are shown in Fig. 1. The cross-secti 
can generally be made smaller, the materials are inheren 
lighter, and the geometry is such as to facilitate fabricati 
by printed-circuit techniques. 










As the result of experience, the so-called phom T 
mechanical method of printing has been adopted as T 
one that best provides the high standard of definitiog “ 
and accuracy required. A laminated board of so ch 
high-grade material such as p.t.f.e.-impregnated on 
fibre is generally employed. The board is supplied ¢ y 
with copper foil (0-001 4 inch thick), which is remo ode 
where not required by chemical etching, the foil to tt 

su 
cto! 





2 Balanced mixer employing reverse-phase hybrid ring 














retained being protected by a photographically deposite 
resist.* By the use of this technique it is possible to prin 
complicated circuits involving, for example, a comple 
array of graded slots, with a dimensional stability of th 
order of a small fraction of 0-001 inch. This is at leg 
one order of magnitude better than the tolerances on th 
thickness and electrical properties of the glass fib 
board. With the exception, perhaps, of the arrangemen 
shown in Fig. 1d, where the dielectric is in the weak-fie 
region, it is the variation in the properties of the lami 
nate which provide the principal limitation on electri¢ 
reproducibility. 
The technique of designing components in stri 
transmission-line form does not differ radically from thi 
employed with conventional waveguide systems. It 
essential, of course, to possess the necessary data relatin 








* A resist is a chemically neutral substance which resists the action of f 
electrolyte. M 
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Tapered re-entrant-line low-pass filter 
od as The filter is composed of a cascade of filter sections, the curved line 


lefiniti effectively re-entering the straight line. 
of so characteristic impedance, phase velocity and attenua- 
ed ion. However, under certain circumstances, difficulties 


lied ¢ y be experienced owing to propagation in a spurious 
TeMOVeE ode or even radiation. For this reason the use of the 
>il to bist two lines of Fig. 1, which are somewhat more prone 
such effects, has generally been confined to low-Q- 
ctor broad-band components. Since strip transmission 
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Microstrip duplex working r.f. head 
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lines, like coaxial cables, are virtually non-dispersive, it 
is often possible to achieve bandwidths unattainable 
with conventional waveguides. More recently, however, 
improvements in the technique have led to the develop- 
ment of filters having a performance comparable with 
that of good waveguide filters. The principal limitation, 
which is unlikely to be overcome, is the inability to handle 
the high power levels encountered with radar systems. 
Several examples of the technique are illustrated in 
Figs. 2, 3 and 4. The first is a balanced mixer complete 
with hybrid ring, crystal holders, series matching 
capacities, and r.f. output filters. The hybrid ring, which 
is partly in balanced line (Fig. 1a), and partly in line 
above ground (Fig. 1), is of the so-called reverse-phase 
type. The phase reversal, which consists of an abrupt 
interchange of the upper and lower conductors, presents 
a surprisingly small discontinuity effect with virtually 
negligible radiation. The usable bandwidth of the hybrid 
ring is 2 500-4 200 Mc/s, over which range the decoupling 
averages 25dB, with a minimum value of 19dB. Over 
the same range the equality of power split is better than 
1dB. A 3dB coupler having a similar performance has 








also been developed. In this design two microstrip lines 
are mounted back to back, and the coupling is achieved 
by means of a series of transverse slots printed in the 
common ground plane. Since the cost of fabrication is 
determined to a very minor extent only by the com- 
plexity of the circuit, the slot pattern may be elaborated 
to almost any degree in order to obtain the desired 
coupling and directivity functions. Fig. 3 shows a novel 
type of low-pass filter, this time in high-Q-factor triplate 
line. The passband insertion loss is generally less than 
1-5dB, except in the immediate vicinity of the cut-off 
frequency. In the range 4050-4 200 Mc/s the attenuation 
rises by 40 dB, and from 4 200 to 12000 Mc/s the insertion 
loss is in excess of 30dB. In a specimen batch of four of 
these filters, the pass-band insertion loss varied by less 
than 0-5 dB. The final example, Fig. 4, shows a complete 
duplex-working r.f. head involving the integration of a 
number of microstrip components. The circuit, in effect, 
forms a filter separating the transmitted and received 
signals, which differ in frequency by 60 Mc/s. Only one 
oscillator is employed, which serves the common function 
of transmitter and local oscillator for the receiving circuits. 

To summarize, there is no doubt that strip-transmission- 
line circuits can show important advantages in cost, 
weight and bulk, but at the expense, perhaps, of a slight 
degradation in performance and some restriction of 
application owing to the limited power-handling capacity. 
There is also some doubt regarding the ability of materials 
such as p.t.f.e.-impregnated glass fibre to withstand 
conditions of extreme humidity, though this should not 
prove a limitation if the equipment is hermetically 
sealed. Perhaps the biggest handicap to any extensive 
application at present is lack of knowledge and experience. 
Compared with conventional waveguide technology, the 
information available to the circuit designer is com- 
paratively slender and sometimes contradictory. In 
addition, the measurements are inclined to be more 
involved, and the technique of mathematical analysis 
more intricate. In due course these limitations will 
presumably be overcome, and there is little doubt that the 
strip-transmission-line technique will then find fairly 
extensive employment in the appropriate fields of 
application. 621.372.821.049.75: 621.372.832.43; 621.372.542.2 


Computer Control Unit 


A short review of a Measurement and Control Section paper 
(No. 2365) entitled ‘The Design of the Control Unit of an 
Electronic Digital Computer’, by M. V. Wilkes, M.A., 
Ph.D., F.R.S., Associate Member, W. Renwick, M.A., 
B.Sc., Associate Member, and D. J. Wheeler, Ph.D. The 
paper was published individually in June 1957, and it will 
be republished in Part B of the Proceedings. The authors 


are at the Mathematical Laboratory, University of 


Cambridge. 


WHEN A CALCULATION IS PREPARED FOR SOLUTION ON AN 
automatic digital computer, it is split up into a series of 
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simple operations, each of which is specified by an ordg 
The operations themselves are each split up into 
sequence of steps, and each step is carried out by ff 
application of a pulse to a set of circuits or gates. It 
the function of the control unit of a computer to prody 
the sequences of pulses for this purpose. The object 
the work described was to develop a control unit f 
Edsac 2, a parallel binary computer, which would } 
simple in structure, and which would be applicabj 
whatever the exact form of the final order code. 

Initially, diode matrices were proposed for generati 
the sequences of pulses, and any change in the order co 
entailed repositioning the diodes in the matrices. Diof 
matrices are suitable for automatic computers wif 
relatively simple order codes, but become uneconomig 
if the order code is comprehensive and includes orders f 
floating-point operation. However, the production 
rectangular-loop ferrite cores makes possible the develog 
ment of a system using a matrix of cores with coincide@ sho. 
current selection. Each core corresponds to a particulgpper | 
step in the execution of one order. When a core @Mditi 
switched in the matrix, it must activate the gates requirgspina 
for the corresponding step, and also cause the cogly | 
defining the next step to be selected. Two sets of wingrocec 
ancl 




















































3 


ar a 


dde 





T * 


























REGISTER ¥ 

e ° @. E O| 
: Se bcim: 
. ~ eS andli 
e. e e orag 
SO en cS bin 
. . . ° ntin. 
oO *, e. e, bmpt 
iE . = " |B ger 
ost ¢ 

ae 








ORIVE PULSE 





f/f REGISTER X 


A control system using a ferrite matrix 
The bias winding and the output windings threading the cores 
omitted. 


thread the cores in the matrix. Each wire in the first gro 
is connected to one of the gates in the machine, and, 
the other group, the wires are connected to the flip-flo 
in the X and Y registers controlling the matrix. The 
wires are threaded through the cores according to ft 
order code required; any change in the order constr 
necessitates rethreading some of the cores. The system@van 
shown in the much simplified schematic. D bi- 

Some of the steps are conditional on the state of som pair 
other flip-flops in the machine. For example, durifttwe 
multiplication the steps taken depend on whether tvidi 
multiplier digit is 0 or 1. These conditional steps aor | 
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an Ofdes vided by locating two cores, each with an extra bias 
D into nding, at an intersection. One such intersection is 
it by f own in the schematic. In Edsac 2 it is possible to 
ites. It@ .. two external digits simultaneously, by locating four 
) produg es each with two extra windings, at an intersection. 
object Experiments have shown that matrices of at least 
unit f§ . 32 cores can be constructed and operated at a 
vould auency of 700kc/s. While such a 32 x 32 control 
pplicab atrix, providing a comprehensive order code, was 
_Bing constructed, Edsac 2 was operated with an experi- 
-nerati—t natal 8 x 6 matrix. This was in operation for over a 
‘der CO@.r and proved very satisfactory in performance. 

S. Dios 621.374.32 : 518 
Crs Wil 
onomi¢ 
"ders idder with Stored Addition 
develop 
»incideg short review of a Measurement and Control Section 
articulgper (No. 2389) entitled ‘A Decimal Adder using a Stored 
core Mdition Table’, by M. A. Maclean, M.Sc., and D. 
requingspinall, B.Sc. The paper was published individually in 
the comly 1957, and it will be republished in Part B of the 
of wingroceedings. The authors are at the University of 

anchester. 
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— OF THE PROBLEMS ENCOUNTERED BY THE DESIGNER OF 
imal computing machines is the awkwardness of 
pndling decimal numbers with computing elements and 
orage devices which are, by their nature, best suited to 
binary representation. The various ways of repre- 
nting decimal numbers with binary elements are 
bmpromises between economy and logical complexity. 
| ® general the least complicated methods involve the 
Ss) ost equipment and vice versa. 
An adder using a stored addition table has the most 
raightforward logic. In its simplest form, however, it 
quires that 100 separate sums be stored. This figure 
n be reduced if the decimal digits are coded in bi- 
inary form but at the cost of introducing a base-five 
try, which reduces the speed of the adder. 
A more economical method is to code each decimal 
git into the form of a four-digit binary number. If, 
cores @OWever, two such digits are now added according to the 
sual rules for binary addition, the process is compli- 
- hted by the fact that the radix of the decimal system is 
pt an integral power of two. Furthermore, the speed of 
St grotfe adder must be low enough to allow time for the 
and, Sopagation of the three binary carries. 
lip-flog The addition-table type of adder is attractive because 
«. Thegf its simplicity and its greater speed. By using a special 
2 to trm of number representation, it has been possible to 
er cO@nstruct it more economically without losing these 
ystem@lvantages. The method, which bears some resemblance 
) bi-quinary coding, is to replace each decimal digit by 
of som pair of digits. The first of these can have any value 
durifetween 0 and 5 and is the remainder obtained on 
ther t&viding the decimal digit by five. The second can be 
eps afor 1 and is the remainder on dividing by two. Fig. 1 


RX 
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shows the results for the ten decimal digits. The expression 
‘residue modulo five (or two)’ means ‘the remainder 
when the number concerned is divided by five or two’. 


Residue Residue 
Decimal digit modulo five modulo two 
0 0 0 
1 1 l 
z 2 0 
3 3 1 
4 4 0 
5 0 1 
6 1 0 
7 2 1 
8 3 0 
9 4 1 


1 Residue representation of decimal digits 


To add two digits represented in this way, the two 
residues modulo five are added, and from the sum a 
new residue modulo five is found. This requires the 
storage of twenty-five possible sums. The same is done 
with the residues modulo two, requiring the storage of 
four sums. The two resultant residues then correspond to 
the desired decimal sum if this is less than ten, or to its 
least significant digit if it is greater than ten. The two 
additions involved are carried out independently by 
separate circuits, and no carry is required between the 
two channels. This is the chief advantage of the residue 
system compared with bi-quinary coding, and the same 
economy is obtained, only twenty-nine sums having to 
be stored instead of 100. The decimal carry, which is 
calculated separately, is added to the sum in the following 
digit period by increasing by unity the outputs of both 
the modulus five and the modulus two channels. 

For the sake of economical storage, numbers enter 
and leave the adder coded in four-digit binary form. The 
first three digits represent the residue modulo five and 
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2 Block diagram of decimal adder 
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the fourth the residue modulo two. Fig. 2 is a block 
diagram of the adder, including the coding and decoding 
circuits as well as arrangements for complementing one 
of the input numbers when subtraction is desired. 

The adder was built with circuit elements which use 
junction transistors and square-loop magnetic cores. 
The cores, which are of the type used for digital storage, 
are made to act as logical discriminators by biasing them 
to saturation in one direction wtih a steady current. The 
paper discusses the design of the circuit elements and the 
effects of component parameters upon their performance. 

About eighty transistors were used altogether, including 
some used for storage at the input and output of the adder 
during testing and some used for waveform generation. 
The digit repetition frequency, limited by the transistors, 
was 50 kc/s. 621.374,32 


Electroluminescent Graphs 


A short review of a Measurement and Control Section 
paper (No. 2441) entitled ‘An Accurate Eiectroluminescent 
Graphical-Output Unit for a Digital Computer’, by 
T. Kilburn, M.A., Ph.D., D.Sc., Member, G. R. Hoffman, 
Ph.D., B.Sc., and R. E. Hayes, M.Sc., Student. The paper 
was published individually in October 1957, and it will be 
republished in Part B of the Proceedings. The authors are 
at the University of Manchester. 


A LARGE NUMBER OF RESULTS OBTAINED BY USERS OF THE 
Manchester University Mark 1 computer have been 
laboriously plotted by hand in graphical form. This has 
shown the need for a stable graphical plotting unit with 
an accuracy at least as good as that given by normal 
graph paper. In the device described in the paper the 
graphical output is given by producing a series of spots 
on a special electroluminescent panel* and photographing 
these spots to give a permanent record of a continuous 
trace. 

The construction of the graphical panel is shown in 
Fig. 1. The two electrodes, one on either side of a thin 
uniform layer of plastic-embedded phosphor, are divided 
into a set of parallel conducting strips. These strips are 
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(d) (c) 


1 Basic graphical display panel 


a Opaque conductors. 


ce Transparent conductors. 
b Glass. 


d Phosphor in plastic. 





* See Journal, August 1957, p. 454. 
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at right angles with a separate connection to 
individual strip. The conductors form a co-ord 
matrix, and the selection of one conductor from 
side defines a spot position at their intersection. 

A simple method of operating the panel is to 
anti-phase voltages of V/2 to the selected strips wit 
the others earthed, so that a voltage V appears a 
wanted intersection, producing a bright spot. Owia 
the voltage V/2, the whole of each selected strip 
luminesces, but with a lower intensity. The ratio 
wanted to unwanted brightness levels is called 
discrimination ratio. By biasing all the unselected 
of a co-ordinate set with an anti-phase voltage of 
third that of the selected strip, the unwanted intersec 
are now subject to an amplitude of V/3 volts. 
typical operating conditions the improvement in 
crimination ratio is from 600 for a system using volfi 
V and V/2to 80000 for a system using voltages V and 

The graphical output unit now in production 
512 x 512 orthogonal conductors spaced at eigh 
the inch, defining over a quarter of a million 
positions. A prototype 128 x 128 matrix with condué 
at fifty to the inch is more easily reproduced here (Fig. 
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E E 
2 Prototype array Mate! 
Half actual size. and ° 

first 

Lab 

the outer area of the glass supporting panel being us@publi 
to accommodate a ‘flag’ pattern to allow separm@BS.. 
electrical connection to the conductors. As an exam@pon tl 
of the resolution of the prototype, eight groups of eigf Th 
conductors on both axes have been selected simultemp 
neously and the luminescent pattern photographt§ mate 
giving sixty-four spots at each major intersection (Fig. ¥sion 
Photo-etching techniques are used in the manufacti subs: 
of the panels, and a spot position is thus determined chan 
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Symmetrically illuminated prototype array 
Actual size. 













master negative, which has been fabricated to fine 
fits. The electroluminescent graphical output unit has 
srefore a built-in accuracy with an inherent stability, 
d it is hoped that it will be a useful addition to the 
pently installed Mark II computer at Manchester 
hiversity. 621.317.7.087.6 : 621.374.32 : 681.142 










armal Endurance 






Short review of a Graduate and Student Section paper 
titled ‘The Thermal Endurance of Insulating Materials’, 
y J. A. Denham, B.Sc.(Eng.), Graduate. The paper was 
ad before the North-Eastern Graduate and Student 
tion on the 18th January 1957, and it was awarded a 
waduate and Student Premium by the Council. The 
thor is with C. A. Parsons and Co. 












IE EFFECT OF OPERATING TEMPERATURES UPON INSULATING 
materials has been a problem of increasing importance 
and was a source of concern even before E. H. Rayner 
first investigated the problem at the National Physical 
Laboratory in 1905. A recent development has been the 








ng wu 
separ B.S. 2757 : 1956—a classification of insulating materials 
‘xamgj on the basis of thermal stability in service. 

of cif There are several important consequences of a rise in 
imuM@temperature of insulating materials in service. The 
raph@ material will expand, and because of differential expan- 
Fig.4sion between insulation and conductor, stresses and 
fact subsequent abrasion may be caused. There may be 
ined fchanges in electrical properties, especially in dielectric 
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publication by the British Standards Institution of - 


loss factor (tan 5), and also in mechanical properties, but 
a most important result of temperature rise is an increase 
in the rate of chemical deterioration. Most dielectric 
materials fall into the chemical class of organic com- 
pounds, and almost without exception are liable to 
undergo slight changes in chemical constitution owing 
to the presence of oxygen, moisture, chemically active 
materials and ionized air. 

The most common form of chemical deterioration is 
slow oxidation, which, by introducing acid groups into 
the polymeric or liquid insulation, increases the con- 
ductivity and loss factor of the insulation. Oxidation also 
splits up the polymer chains in plastic insulation and 
decreases the tensile strength. An important consequence 
of deterioration is brittle hardening caused by loss of 
plasticizer, and, in plastic insulation, by the excessive 
oxygen cross-linking of polymer chains. Plasticizers are 
added to plastic insulation to increase its flexibility, but 
tend to evaporate slowly at high temperature, thereby 
increasing the hardness of the material and also intro- 
ducing shrinkage. Another type of deterioration is the 
thermal depolymerization of plastic insulation, whereby 
polymer chains break into shorter units. This reaction 
tends to be slower than oxidation but occurs in all 
polymers, including cellulose, at elevated temperatures 
even in the absence of oxygen, and it is an important 
factor at high temperatures. 

The thermal endurance of an insulating material 
depends largely on the rate of chemical deterioration and 
can be defined as a measure of the ability of that material 
to retain good electrical and mechanical properties for a 
reasonable working life under service conditions, particu- 
larly the service temperature. It also generally implies the 
ability to withstand higher-than-normal temperatures 
for short periods without any serious effects upon its 
insulating properties. Thermal endurance is usually 
stated as a life of a number of hours or years at a certain 
temperature, with any necessary qualifications included. 

It is clearly necessary to evaluate this very important 
property for all insulating materials incorporated in 
electrical equipment, and for new developments such as 
irradiated . polythene. Service experience is the most 
reliable way of assessing the value of a material, but 
neither the designers nor the manufacturers of any new 
material can wait for such experience, which may take 
many years to accumulate. Therefore some method must 
he devised whereby a rapid estimate can be made in the 
laboratory of the thermal properties of a new insulating 
material. 

The problem of predicting the useful life of an insula- 
ting material under certain operating conditions is one of 
the most difficult confronting the electrical engineer. The 
time taken by the examination is clearly important and 
must be reasonably short. The most convenient way of 
predicting working life is to undertake a number of 
high-temperature tests for a short period. For example, 
if a new material intended for Class B operation is to be 
examined, tests at 200-250° C will be expected to last for 
some six months. The criterion by which the material is 
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judged is either a comparison made with a standard or 
a certain condition attained during ageing, such as the 
reduction of tensile strength to 50% of its initial value. 
A graph of temperature against the time to reach a 
criterion is plotted, and, if the law governing the relation 
between temperature and time is clearly understood, 
extrapolation of the graph will give an indication of 
working life at the lower temperatures under the test 
conditions. 

The laws governing chemical ageing do not lend them- 
selves to simple extrapolation. They are complex func- 
tions of temperature, time and the working conditions 
(relative humidity, presence of oxygen, etc.). Even so, 
general laws have been evolved which have proved 
reasonably efficient in practice. One of these is the 
‘ten-degree rule’, which states that the thermal life of 
insulation is halved for each 10°C increase in tempera- 
ture, or doubled for each 10°C decrease. This rule is not 
universally applicable, but it is useful for cellulose-based 
materials and has been shown to be useful with plastics. 

T. W. Dakin has evolved a method of prediction 
giving a linear relationship between time and tempera- 
ture, therefore making extrapolation easier and more 
dependable. He assumes that the observed physical 
changes are the result of internal chemical reactions 
which obey well-established theoretical laws. 

It is essential when examining new materials that 
sufficient duplication of tests is carried out to obtain a 
good average result. Variation in results due to slight 
differences in the production of test samples and any 
variations occurring in the method of measurement 
should be noted. 

Accelerated ageing tests are useful provided test 
conditions approximate to service conditions, but they 
are generally somewhat makeshift. They serve one impor- 
tant function in eliminating poor materials. 621.315.61 


Diesel-Electric Design 


A short review of a Graduate and Student Section paper 
entitled ‘Project Considerations for Diesel-Electric Trac- 
tion’, by R. S. Wignall, B.Sc., Graduate. The paper was 
read before the North Midland Graduate and Student 
Section at Bradford on the 5th March 1957, and it was 
awarded a Graduate and Student Premium by the Council. 
The author is with the English Electric Co. 


THE RAILWAYS OF THE WORLD COVER 803000 MILES AND 
are located in 113 countries with widely varying climatic 
conditions. To satisfy such conditions, a manufacturer 
of Diesel-powered locomotives may use two basic 
approaches. Either a standard unit of proved design is 
built by mass-production methods, or selected compo- 
nents are tailored to meet the requirements of individual 
customers. The former alternative is hampered by six 
common track gauges and by a variation of loading 
gauge with nearly every railway system. 
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The customer specifies either the power required fropil. V 
the unit, or information in the form of train weights agansm 
















































time-tables from which it may be deduced. The specifiga the 
power may be required at altitudes of up to 15000 ft,@ The 
in ambient temperatures of up to 115° F, with or witho—yailat 
100% humidity, while at the same time the power ughakin: 


must be kept within a reasonable weight. These extreggames 
climatic conditions may be accompanied by eco 
flooding, a prevailing wind, sea-water, dust or sevgporkir 
snow. Occasional local hazards are encountered; {@ The 
example, vegetation scattered on the track in forest@ecide 
areas has recently affected the performance of certagontin 


locomotives, although this was not known at the desighain g 
stage. Thus, the Diesel engineer is faced with seveg The 
problems. i) anc 


From engines of the greatest power/weight ed r 
within the manufacturer’s range, it is necessary to sel@rojec' 
a suitable power unit which can be built into mechanicgiimat: 
parts to comply with the customer’s maximum axle loarely 
In some instances, a larger number of small units werate 
help to solve this problem. alcul: 

The customer must assist in providing informati 
such as time-tables, graphical or tabular, and the loa 
to be hauled over various sections. An accurate profi 
showing the location of all curves and gradients 
essential. 

Where a proposed locomotive has to operate ont 
prevailing gradient for long periods, it is essential 
the electrical machines are rated to function continuou: 
without overheating (in common with any mac 
application). 


uxili 
The 
or pi 
ther 

ghts, 
Wh 
0 su 
aryir 
equir 


Power Units In 
k nec 


For a given range of engines, there are known mi a 
mum weights to which a locomotive can be built for vine 
given maximum axle load. These depend on the weig bn pr 
of the maker’s power unit, and it behoves the engi 
designer to produce a high power/weight ratio in ord 


to use the minimum necessary number of axles. Perfor 
Typical axle loads for locomotives built with hea On 
and light power units are shown in the table. Hegre 


fort 
eces 


Axle loads for engines of different power/weight ratio 








Specific weight of power ua ill I 
Numb: 4 

umber of | _ sillainaeeen oto 
13-5 Ib/h.p. 20-3 Ib/h.p. he p 
a” perfo 

tons tons 
4 27:5 30-0 Th 
6 18-3 20-0 hree 
8 14-0 15-0 ated 
ehic 











unct 

In practice, it is normal to provide an individual drifarie 
to each axle, but this is not always possible whéisince 
maximum axle loads are very low. In such cases it m™ Th 
be necessary to construct composite wheel arrangemefifire ¢ 
for locomotives powered by 12- and 16-cylinder enginé@effor 
The maximum tractive effort that can be exerted range 
starting is limited by the adhesion between wheel am In 
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lired fropi. With individually driven axles, the wheel will 
eights agansmit a force of approximately 25% of its own weight 
© specifi the rail. 
5000 ft, The main generator winding is matched to the 
or Withofyailable crankshaft output of the engine, usually 
ower wiaking use of the nearest size in a series of standard 
© extremames. Great latitude in the design of winding will assist 
by tra economizing in copper on main generators, when 
or sevasorking with heavily derated engines. 
ered; f@ The number and type of traction motors must be 
| forest@iecided, and at the first attempt it is usual to match the 
>f Certagontinuous current rating of the motors with that of the 
he desighain generator. 
th seve§ The heat to be dissipated from the Diesel engine to the 
jl and water radiators must be assessed and a suitably 
zht ed radiator designed. Individual investigation for each 
to sel@roject is necessary, since the same combination of 
echaniglimatic conditions, engine rating, and available space is 
ixle loafrely repeated. It is essential that the engines should be 
Inits wierated to allow for site climatic conditions, and this 
ulculation is done at the project stage. 
ormatig 
the log 





‘Muxiliaries 
The provision of air or vacuum brakes, or both, calls 
or power to drive exhausters and compressors, and 
@ther auxiliaries such as traction-motor cooling fans, 
Behts, batteries, cab heaters and perhaps ventilators. 
Where a radiator fan is electrically driven it is normal 
0 supply the power from the main generator, thus 
arying the fan speed according to the air quantity 
equired. 
In conjunction with an estimate of auxiliary load, it 
mm mig B°CeSsary to assess at an early stage the weight of 
‘lt fork’ entire electrical and mechanical equipment; these 
.gstimates can be made with surprising accuracy, based 


“p0 previous experience. 
> engi 


in ord 
Performance Calculation 

n hea Once the machine designers have decided on the 
Hegree of weak-field needed to achieve the tractive 
fort required at high speed, and the number of stages 
ecessary to avoid overloading the main generator, they 

ill produce an output characteristic of the generator/ 

otor combination. This will provide the raw data for 
he projects engineer, from which he can determine the 
performance expected from the equipment. 

The resistance to motion of any vehicle is made up of 
hree variable factors, all of which can be readily calcu- 
ated from the geometry and weights of the particular 

ehicle. The general form of the resistance is a quadratic 
Punction of the speed. The resistance of passenger trains 
al drifvaries little between the empty and the loaded condition, 
whe Since the passenger load is relatively small. 

it M4 The resistance equation and the output characteristic 
emeifare combined to provide in graphical form the tractive 
ngit@effort available at the wheel tread throughout the speed 
rted range. 

el af In order to predict the performance of proposed 
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equipment under particular conditions, the customer is 
asked to provide a set of speed limits and an accurate 
profile. On severe curves the speed must be restricted. 

With this information available, the projects engineer 
is in a position to produce a speed/time or speed/distance 
curve. The longest and most tedious method is to perform 
a routine calculation of successive integration on a slide 
rule, determining the time and distance covered by a 
finite speed increment. A more modern method is to 
use an Amsler train-schedule computer, which carries 
out the same operation by means of ball-type mechanical 
integrators and plots the solution on a speed/distance 
chart. By far the most rapid means of calculation is by 
an electronic computer such as Deuce, which can be 
programmed to print the results in tabular or graphical 
form. 

To establish that the electrical machines are not over- 
heated in meeting the schedule, the total value of 
fi?dt must be calculated. On the Amsler and Deuce 
computers this is done as a part of the normal computa- 
tion. An estimate of the fuel consumption is also made. 

When a project involves the application of new 
equipment, the layout and the method of driving the 
auxiliaries must be examined to ensure a symmetrical 
distribution of weight on the locomotive axles. 

In mountainous country, there is often justification for 
dynamic electric braking, enabling higher speeds to be 
maintained without wear on brake shoes. Characteristics 
for the equipment must be drawn out at the projects 
stage and used in the performance calculations. 

621.335.2-833.6 


SYNOPSES OF PAPERS 


Effect of Fading on lonospheric 
Measurements 


A synopsis of a Radio and Telecommunication Section 
paper (No. 2428) entitled ‘The Effect of Fading on the 
Accuracy of Measurement of Ionospheric Absorption’, 
by R. W. Meadows, B.Sc.(Eng.), Associate Member, and 
A. J. G. Moorat. The paper is published this month in 
Part B of the Proceedings. The authors are at the Radio 
Research Station. 


THE RAPID AND SLOW COMPONENTS OF A FADING SIGNAL 
are separated by a semi-empirical process in which each 
component is, in turn, assumed to consist of a steady or 
specularly reflected component with a random com- 
ponent added. The process is applied to some measure- 
ments of the amplitude of first-order reflections from the 
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E-region at vertical and oblique incidence on equivalent 
frequencies. The standard deviation of the amplitude 
variation due to rapid fading was found to be greater 
at vertical than at oblique incidence, but insufficient 
evidence is yet available to determine whether the 
variation due to slow fading was also greater. 

The accuracy of measurement of the smoothed value 
of field strength is defined as the range of values having 
a 99% chance of containing the correct value. On this 
basis, the accuracy of noon absorption, as calculated from 
a single day’s observations at one frequency, has been 
estimated to be about +4, —12dB at vertical incidence 
and +4, —11dB at oblique incidence. These limits are 
not symmetrically disposed about the mean value, as is 
conventional in normal statistics, partly because of the 
effect of the decibel scale, and partly owing to the 
characteristics of deep fading. 621.396.11 


Earth’s Field and Radio Propagation 


A synopsis of a Radio and Telecommunication Section 
paper (No. 2429) entitled ‘The Effect of the Earth’s Mag- 
netic Field on Absorption for a Single-Hop Ionospheric 
Path’, by R. W. Meadows, B.Sc.(Eng.), Associate Member, 
and A. J. G. Moorat. The paper is published this month in 
Part B of the Proceedings. The authors are at the Radio 
Research Station. 


MAGNETO-IONIC CALCULATIONS SHOW THAT DEVIATIVE 
absorption is not necessarily negligible at vertical inci- 
dence for waves reflected from the E-region at frequencies 
considerably below the penetration value. Consequently, 
the value of absorption calculated by the conventional 
‘non-deviative’ formula for a short-wave oblique path 
from vertical-incidence absorption measurements tends 
to be too high. Deviative absorption on paths sufficiently 
oblique is, however, negligible. The calculations also 
show the effect of the earth’s magnetic field on Martyn’s 
absorption theorem to be similar to the effect of losses 
due to partial reflections: namely to make the absorption 
in decibels, calculated from an oblique path from 
vertical-incidence measurements, too low by a multi- 
plying factor approaching the cosine of the angle of 
incidence. It is suggested that the absorption to be 
expected on a radio path might best be calculated. by 
applying the conventional non-deviative formula to 
measurements made at oblique rather than at vertical 
incidence. 621.396.11 


Hall-Effect Wattmeter at 10 Gc/s 


A synopsis of a Radio and Telecommunication Section 
paper (No. 2450) entitled ‘The Hall Effect and its Applica- 
tion to Power Measurement at 10Gc|s’, .by Professor 
H. E. M. Barlow, Ph.D., B.Sc(Eng.), Member, and 
S. Kataoka. The paper is published this month in Part B 
of the Proceedings. Professor Barlow is at University 
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College, London, and Mr. Kataoka, who was formerlyimg r 
that College, is now at the University of Tokyo, Japan. ave 











































THE PAPER DESCRIBES EXPERIMENTS ON THE MEASUREME 
of microwave power at 10 Gc/s employing the Hall ef 
produced in single crystals of n- and p-type germanigl 
when erected on the axis of a hollow metal rectangi?” 
waveguide carrying the power. So far as is known, 
is the first recorded observation of the Hall effect att 
frequency, and it has been shown possible to apply 
effect, with the help of a suitable phase-adjustment devi 
to the design of a wattmeter. For this purpose the FH; 
output from a crystal was calibrated against the po " 
measured independently, and the relationship was fou 
to be practically linear. - 

From these power measurements and consideration 
the conditions of operation of the crystal, the “—_ 
coefficients for the n- and p-types of germanium um ies 
were deduced and shown to be of the same order vie 
magnitude as the d.c. values. 

An investigation of the impedance of the crystal cira " te 
led to the conclusion that the contribution to the Hi i 
effect from the displacement current in the crystal w oan 
very small compared with that of the conduction curre a 

The success of this application depends largely up wF 
the development of suitable crystal units, and towamg, ct 


in tra’ 
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that end new techniques were introduced. —621.317.38.08 an 
eloci 

es The 
Precision Thermo-Wattmeter hoe 
pbtait 

A synopsis of a Measurement and Control Section papiiyeas) 


(No. 2461) entitled ‘A Precision Thermo-Electric Waf§ineas 
meter for Power and Audio Frequencies’, by J. J. Hi 
B.Sc., Associate Member. The paper is published 1 
month in Part B of the Proceedings. The author is att 

National Physical Laboratory. 


THE OUTPUT E.M.F. GIVEN BY A CONVENTIONAL THER} 
convertor is not proportional to the square of the hea 
current, and wattmeters using two such converted 
cannot therefore be used for the precise measurement 
power. The causes of non-compliance with a square 
are examined, and a means of compensation is given 
provide a convertor system in which the output e.m.f.® 
within 0-1°% of the calculated square-law value. 

A wattmeter has been constructed in which negati 
feedback amplifiers are used to supply the currents 4 
two compensated convertors. The input signal voltag 
to the amplifiers are obtained from the external circumpayet 
by means of a precision wide-frequency-band voltagpiow 
transformer, a 4-terminal non-inductive current shumobta 
and a high-resistance voltage divider. diele 


The insertion loss in the main current circuit is 0-1 voll a 
at rated current, and the voltage-divider resistance * 
i 


either 1000 or 5000 ohms per volt. The overall inst 
ment error for all conditions of load and power factor@td 
0-1% over the frequency range 200c/s to 10kc/s, amgpadc 
0-3% for the range 50c/s to 30 ke/s. 621.317.mtreq) 
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pee ourier Dispersion Gurves for 
aveguides 


synopsis of a Radio and Telecommunication Section 
aper (No. 2468) entitled ‘A Note on the Fourier Series 
Representation of the Dispersion Curves for Circular Iris- 
paded Waveguides’, by P. N. Robson, B.A., Associate 
ember. The paper is published this month in Part B of 
e Proceedings. The author was formerly with the 
etropolitan-Vickers Electrical Co., and is now at the 
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niform corrugated circular waveguide, such as is used 
in travelling-wave linear accelerators, may be expressed 
a Fourier series of period 27/(corrugation pitch). 
‘Wnder the slowest conditions of convergence in the 
order ft2veguides investigated, an accuracy of +1 part in 
5000 in the determination of frequency corresponding 
9 a given phase velocity can be obtained by using only 
ix terms of this series. For the majority of structures 
onsidered, three terms only are required. An empirical 
pression for the dispersion curve can thus be obtained 
rom only a small number of experimental results, and 
s of considerable use in the design of suitable slow-wave 
ructures for accelerators. The equation of the dispersion 
rve can be readily differentiated to give the group 
elocity at all points within the pass band. 
The validity of the method is illustrated using a 
lection of experimental results which have been 
bbtained in the course of an extensive programme of 
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2” PaMmeasurements on corrugated slow-wave structures for 
¢ "@finear accelerators operating at wavelengths around 

, Ocm 621.372.823 
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Reflection of Microwaves. 


HERMMM Synopsis of a Radio and Telecommunication Section 
> heatapaper (No. 2480) entitled ‘The Use of Dielectric Materials 
rvertem? Enhance the Reflectivity of a Surface at Microwave 
ment @requencies’, by G. B. Walker, M.A., Ph.D., and J. T. 
are lagyman, B.Sc.(Eng.), Graduate. The paper is published 
iven his month in Part B of the Proceedings. Dr. Walker is at 
.m.f.@@ueen Mary College, University of London, and Mr. 
lyman, who was formerly at that College, is now at the 
>gativeAlomic Energy Research Establishment, Harwell. 
ents 
oltagg"HE PADDING OF A METAL SURFACE BY ONE OR MORE 
circmayers of a dielectric material is examined, and it is 
voltagstown that an improvement in reflectivity can be 
shu@ebtained provided that the loss factor (tan8) of the 
dielectric is small enough. For most materials the gain 
-1 voll approximately proportional to +/e/tan5, where « is 
ince @the dielectric constant. 
instr Since the reflectivity of a metal diminishes as the 
ctor@lequency is increased, it is to be expected that dielectric 
s, ampadding will become more advantageous at the higher 
1.317.mfequencies which can now be generated. For known 
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materials, no improvement is to be expected at frequencies 
much below 3000 Mc/s, but at that frequency a gain of 
two was observed for a ceramic material consisting 
mainly of titanium dioxide. 

By laminating a dielectric it is possible to reduce the 
effective loss factor. A reduction in « must occur, but an 
overall increase in 1/¢/tan 5 can be obtained. In the case 
of titania, laminating can give a further improvement by 
a factor of three, and hence at 3000 Mc/s it is theoretically 
possible to produce a surface which is six times as 
reflective as a metal. At higher frequencies even greater 
gains may be possible. 621.37 : 621.372.8 : 621.315.6t 


Transverse Film Bolometers 


A, synopsis of a Radio and Telecommunication Section 
paper (No. 2488) entitled ‘Transverse Film Bolometers for 
the Measurement of Power in Rectangular Waveguides’, 
by J. A. Lane, M.Sc., Associate Member. The paper is 
published this month in Part B of the Proceedings. The 
author is at the Radio Research Station. 


THE PAPER DESCRIBES A SIMPLE STANDARD TECHNIQUE, 
using thin metallic films sputtered on mica, for the direct 
measurement of powers in the range 1-l00mW. The 
experiments were carried out at a frequency of 10Gc/s 
(wavelength 3cm), but the methods used are of general 
application in rectangular waveguides. 

The absorbing films consisted of a platinum deposit, 
of the order of 10—®cm thick, on a mica strip 0-3-0-4cm 
wide, located symmetrically in the transverse plane. The 
change in resistance or rise in temperature can be used 
as a measure of input power, which is determined by a 
d.c. calibration. The operating bandwidth, for a given 
waveguide, is greater than that normally available with 
thermistors and bolometers, and the techniques described 
seem especially convenient for the calibration of these 
instruments. 621.317.794 : 621.372.822 


Improved Ghorded Windings 
for Induction Motors 


A synopsis of a Utilization Section paper (No. 2443) 
entitled ‘Two Improved Chorded Windings for 3 : 1 Pole- 
Changing’, by Professor G. H. Rawcliffe, M.A., D.Sc., 
Member, and N. L. Garlick, Associate Member. The 
paper will be published in Part A of the Proceedings. 
The authors are at the University of Bristol. 


THE PAPER DESCRIBES TWO FURTHER AND IMPROVED 3: | 
pole-changing windings which both have only nine 
control leads, and in which a 60° spread has been used, 
instead of the 120° spread which was used in a machine 
previously described. A particular feature of these 
windings is that the coil pitch is critical, and can have 


only one value. Full-pitched coils cause very bad crawling 
effects. 621.313.333.045.58 
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MONOGRAPHS AND PAPERS 
published individually this month 


MONOGRAPHS 


Conditions for the Impedance and Admittance Matrices of 
n-Ports without Ideal Transformers Monograph 276 R 


1. CEDERBAUM 


The matrices relating two adequate systems of simple network 
co-ordinates of the same network, e.g. node-pair voltages or 
loop currents, are shown to have all their elements and 
subdeterminants equal to +1, —1 or 0. Any n-port may be 
looked upon as a part of an adequate system of independent 
node pairs described on the network or loops inscribed into 
the network. In the former case the additional node pairs, not 
included in the n-port, ought to be considered as open- 
circuited and in the latter case the additional loops ought to 
be looked on as short-circuited. The conditions for cut-set- 
and loop-incidence matrices are discussed, and then the 
conditions for impedance and admittance matrices of n-ports 
without ideal transformers in terms of those incidence matrices 
are defined. The discussion of the conditions thus derived 
leads, among other things, to a conclusion that matrices 
representing pure-resistance n-ports are necessarily such that 
each principal minor of such a matrix is greater than the 
modulus of any minor built from the same rows (or columns). 


Excitation of Surface Waves Monograph 277k 
B. FRIEDMAN and Ww. ELWYN WILLIAMS 


The author shows how to locate a dipole source above a 
dielectric surface so as either to produce as pure a surface 
wave as possible or to maximize the amount of energy carried 
by the surface wave. 


Network Synthesis on the Insertion Loss Basis 
Monograph 278 R 


J. ZDUNEK, DIPL.ING. 


The author provides a unified and concise exposition of the 
general insertion-loss filter theory: methods of synthesis of 
most important network functions are derived in terms of the 
prescribed steady-state network performance; also realization 
procedures are explained and expressed in terms of explicit 
formulae for direct application to the design of conven- 
tional ladder structures with arbitrary numbers of branches. 

Two particular networks are solved in detail, namely the 
symmetrical and the inverse-impedance low-pass networks, 
and these are unified in a single mathematical treatment. Such 
unification enables one to consider both of them as one 
instance of a low-pass analogue ladder structure. 

Special emphasis is given to the Cauer—Darlington method 
of synthesis of networks, whose insertion-loss response 
approximates in Chebyshev’s sense to the idealized filter 
requirements; however, Taylor’s approximation (maximally 
flat response) and the constant-k filters are also included. 

With the maximally flat and the Chebyshev pass-band 
approximations, important explicit formulae for the ladder 
components are derived for a nctwork with an arbitrary 
number of branches and an arbitrary termination ratio. These 
components (ladder coefficients) are thus directly computable 
from the required discrimination characteristics or the 
reflection-factor ratio and from the bandwidth specifications. 
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The Effect of the Ground Constants, and of an Earth System, @jnding 

the Performance of a Vertical Medium-Wave Aerial ous 1 

Monograph 279 R inding 

G. D. MONTEATH, B.SC. ¢ Cor 

The compensation theorem is used to determine the effect oe 
finite ground conductivity, and of an earth system, on { ‘ 


































performance of a vertical earthed aerial, such as is used ff ith th 
; é ae In ac 
medium-frequency broadcasting. The characteristics affeg Iso te 


are the input impedance, the ground-wave field strength f 
a given aerial current and the vertical radiation pattern. 
first two of these together determine the efficiency, which 
the most important consideration in the design of e 
systems. When the effective height of the aerial exceeds 0:1 
little can be gained by the use of an earth system exceedi 
0-2A in radius when the ground is highly conducting and ( 
or 0-4A when it is poorly conducting. The effect of the ear 
system on the vertical radiation pattern is shown to 
unimportant practically, but results are given for one case 
order to compare with experimental radiation patterns. 
agreement is quite good. 
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A Rapid Method of Analysing the M.M.F. Wave of a Single 
Polyphase Winding Monograph 280s 


The usual method of evaluating the harmonic components @t the 
the m.m.f. wave of a polyphase winding is to perform positiv 
Fourier analysis. This can, however, be a long and tediogm ope! 
process, especially for stepped waveforms. 
The method described here is exceptionally simple to appl Sim 
and makes use of the well-known standard winding factom usin 
It is shown that, by simple substitution, the magnitudes @prorgs 
the Fourier fundamental and harmonic components of t iat 
m.m.f. in the air-gap can be found directly, although if perf 
indication is given of their relative phase angles. The math 
matics of the proof has been fitted as closely as possible dealiz 
the conditions prevailing in a real machine winding, whilst 
the same time maintaining generality of treatment. he 
The value of the method is exemplified in the last section ate, 
the paper, by carrying out the analysis for an m.m.f. wave 
some complexity. The ease of the method is at once apparet 
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. . aca heory 
Diffraction by Cylindrical Reflectors Monograph 281 R ad t 
R. PLONSEY hose 


The electromagnetic diffraction problem is formulated meferre 
terms of the determination of the currents induced on @ACting 
reflector-scatterer by a primary source. Alli field quantities amphe au 
readily determined therefrom. ave | 

An approximate solution ignores the interaction of currengmotot 
on the reflector-scatterer in that it relates the surface curret 
to the incident magnetic field. This is the geometrical-optid 
current. For the strip and circular reflector with line source 
its centre, corrections to the geometrical-optics currents ai 
obtained by an approximate analytic technique. In each ca 
this yields an equivalent line current at the edges. 

The field of the line current is non-isotropic; its directioni 
gain is determined by appealing to the Sommerfeld half-plan 
solution. The line currents do not greatly affect the tot 
pattern; this indicates that the main character of the diffractiogThe | 
can be obtained from the geometrical-optics currents. urve 
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he Inherent Instability of Induction Motors under Conditions 
of Double Supply Monograph 282 u . 


ROFESSOR J. C. PRESCOTT, D.ENG., and B. P. RAJU, M.SC. 


polyphase induction motor provided with balanced 
}ystem,@indings on both stator and rotor can operate as a synchro- 
al ous motor at a certain specified speed if each of these 
indings is connected to a balanced polyphase supply. Under 
e conditions of such double supply it can maintain this 
necified speed over a range of mechanical power output, thus 
ibiting a synchronizing torque similar to that associated 
vith the conventional synchronous machine. 


> effect 
n, on ft 


— In addition to this synchronizing torque, there are present 
ength f Iso torques which, being proportional to the speed of 
tern, Tyetation, may be regarded as damping torques and which 
which der certain circumstances may be negative, i.e. they may 
fa in such a direction that a deviation from synchronous 
ods 0-1 need, though initially very small, will increase exponentially, 
xceedat'S making synchronous operation impossible. It is to the 
and vestigation of these damping torques that the discussion in 
the a is paper is directed, and they are considered in relation to 
n to mee case which seems to present the greatest practical interest— 
e casey in which the stator and rotor are connected to the same 


usbars and in such sense as to give a synchronous speed 
hich is twice that corresponding to the busbar frequency. 
)perating in this way the machine exhibits a negative damping 
orque which, in general, decreases with increase in rotor or 
ator leakage reactance but becomes positive over a small 
ange of values of the coupling coefficient. It appears from the 
vestigation that it is possible to design a motor for operation 
nments@t the double synchronous speed which shall have a large 
rformositive damping torque and which will therefore be stable 
tediogm operation. 


rns. 
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oO appl Simplified Electromagnetic Theory of the Induction Motor, 
factom using the Concept of Wave Impedance Monograph 283 u 


UdeS @RorEssoR A. L. CULLEN, PH.D., and T. H. BARTON, PH.D. 


a ¢ authors apply electromagnetic field theory to the analysis 
mall bf performance of an induction motor rotor when it is exposed 
sible f° 2 rotating magnetic field of constant amplitude. An 
vhilst dealized model of the rotor is taken and the analysis is 
implified by the application of the concept of wave impe- 
ance. The model rotor is capable of simulating the effects of 
ooth-top and zigzag leakage fluxes but end effects are 
eglected. The equations of performance thus obtained are 
shown to be identical with those obtained by the conventional 
heory when the latter includes skin effect. The model motor 
ed by Mishkin is shown to give results widely different from 
hose obtained in practice since it neglects the leakage fluxes 
ited meferred to above. The analogy between the tangential force 
1 on @cting on the rotor and radiation pressure is indicated, and 
ties amehe authors show that a change of variable familiar in micro- 
ave theory leads to the theory of the variable-speed induction 
urrengnotor developed by Williams and Laithwaite. 
~UurTel 
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fh Casi Use of Steel-Tank Mercury-Arc Inverters for Generating 
“i Medium Frequencies for Induction Heating Paper 2457 U: 
il Part A 

. tot: L. SMART, B.SC.TECH., and J. J. L. WEAVER 

‘actid paper presents in a non-mathematical way a general 


urvey of the circuit operation and construction of 6-anode 


1.E.BUANUARY 1958 





steel-tank mercury-arc inverters for the generation of medium- 
frequency power, in the output range up to 250kW at 1-2 kce/s. 

The basic operation of the inverter circuit is first described, 
together with some features of practical inverter circuits, 
including the problem of starting inversion without modi- 
fying or previously exciting the tuned output circuit. The 
characteristics and limitations of the inverter valve and other 
main-circuit components are discussed, together with the 
requirements of different types of melting and billet-heating 
furnaces. 

The problem of designing circuits to meet all the varied 
control requirements has been met by the development of an 
electronic grid control unit, which ensures reliable starting and 
gives facilities for automatic frequency and voltage control. 

A general description is given of installations in service for 
forge heating and melting. 


Due for reading in the second half of the session. 


Design and Application of Large Solid-Rotor Asynchronous 
Generators Paper 2492s: Part A 


P. RICHARDSON 


Problems in connection with the design and operation of 
certain special turbo-type generators have indicated that the 
characteristics of the asynchronous generator are worthy of 
consideration. Such generators are not new, but relatively few 
have been commissioned and these are of small output. They 
are virtually induction or asynchronous motors, driven above 
synchronous speed by a prime mover and drawing their 
magnetizing current from other synchronous machines on the 
system or from capacitance available therein. The paper deals 
with the general principles of such generators, followed by a 
consideration of the characteristics and problems involved 
in their design, including core end heating and rotor surface 
heating. 

Consideration of the operation of the asynchronous 
generator enables an estimate to be made of the probable 
limits of asynchronous heating resulting from loss of excitation 
on synchronous generators, of the use of asynchronous 
generators as shunt reactors and their use on the high-speed 
lines of cross-compounded units. 


Due for reading in the second half of the session. 


The Application of Digital Computers to Nuclear-Reactor 
Design Paper 2507 M: Part A 
J. HOWLETT, B.SC., PH.D. 


The paper reviews the main computational problems arising 
in the design of a nuclear power reactor. The numerical- 
mathematical methods available for attacking these problems 
are described briefly, and are divided into two broad classes: 
the discrete-particle (Monte Carlo) treatment of the neutron 
transport problems and the analytical methods based on the 
transport equation. The use of electronic digital computers is 
discussed in general terms, and three examples are considered 
in more detail: the calculation of the thermal utilization 
factor for a lattice by the spherical-harmonics method, the 
direct numerical solution of the two-group diffusion equations 
for a cylindrical reactor and the calculation by Monte Carlo 
methods of the resonance escape probability for a graphite- 
uranium lattice. Finally there is a discussion of the standard 
of performance of computers likely to be required by nuclear 
engineers. 
Due for reading in the second half of the session. 
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MONOGRAPHS AND PAPERS (ona, 


Magnetic Tape for Data Recording Paper 2536™M: Part B 
C. D. MEE, PH.D. 


The occurrence of mistakes, i.e. drop-outs, in the recording 
and reproduction of pulse signals on magnetic tape is investi- 
gated. The author discusses the mechanisms of recording and 
reproduction for return to zero and non-return to zero 
recording, and their susceptibility to drop-outs is assessed. 
Conditions for minimizing the occurrence of drop-outs using 
conventional recording methods are considered, and new 





Symposium on Long-Distance Propagation above 30 Mc/s 


Synopses of the papers to be read at the Symposium on Long- 
Distance Propagation above 30 Mc]s, which will be held on the 
28th January in the Institution building, are given below. They 
have now been published as separate papers, but they are not 
available individually, only in complete sets. The price of a set 
of papers is £1 5s. to members, and £1 15s. to non-members. 
The complete proceedings of the Symposium, comprising the 
papers and discussions, will be published as a Supplement to 
Part B of the Proceedings of The Institution, and an announce- 
ment about this will be made in the Journal later. Individual 
reprints of papers will not be available. All those wishing to 
attend the Symposium are required to register. See p. 45. 


Session 1. 10a.m. TONOSPHERIC 
FORWARD SCATTER PROPAGATION 


Survey of the Gibraltar—-United Kingdom Ionospheric Scatter 
Measurements Paper No. 2519: Part B 


F, A. KITCHEN, B.SC., and G. MILLINGTON, M.A., B.SC. 


The paper describes the origin of the Gibraltar-United 
Kingdom circuit working on forward scatter in the ionosphere. 
Aerial input powers up to 40kW have been used and observa- 
tions made on frequencies in the range 37 to 70 Mc/s and at 
distances in excess of 1100 miles. The scope of the work 
undertaken by various interested organizations is outlined 
and the main conclusions are given in relation to the claims 
that have been made for this mode of transmission by the 
pioneer workers in the United States. Special reference is 
made to the serious interference problems arising from the 
reception of signals from other stations and noise sources 
by reflection from sporadic-E ionization, particularly in lower 
latitudes. Similar troubles, including the effect of back scatter 
and round-the-world echoes, have been met, owing to normal 
F-layer refiection as the sunspot cycle has progressed from a 
minimum to a very high maximum of activity. 


A Scatter-Signal Analyser Paper No. 2531: Part B 

P. H. CUTLER, B.SC., and D. WILLIAMS, B.SC. 

The paper describes a scatter-signal analyser which enables 
level and time-structure measurements to be made on scatter 
propagation signals. The analyser consists of several different 
units, the most important of which is a level comparator of 
the sampling type whose speed of response is sufficient to deal 
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recording systems are suggested and described which 
insensitive to the majority of drop-outs. 

An experimental test apparatus for detecting drop 
and measuring their size is described which may be used 
test tape under widely varying conditions of recording. 
is used to study the effects of different plastic base mater 
on tape performance for data recording. The drop 
content of present-day tapes is measured and an economi 
performance specification is suggested. 

To be published on the 8th February and due for reading 
the second half of the session. 

[An additional paper published this month is noted on p. 37, 








with the highest fading rates anticipated. The various u 
may be interconnected in different ways, and the p 
explains how the analyser may be used to measure amplitt 
distributions, median aerial gains, signal auto- and cro 
correlations, fading rates and, in some circumstances, en 
rates. 


The Choice of Aerial Height for Ionospheric Scatter Links 
Paper No. 2532: Part B 


E. FITCH, B.SC., and R. RUDDLESDEN, M.ENG. 


In ionospheric scatter communication systems the angle 
elevation at which signals should be transmitted and recei 
depends on the circuit length, the height of the ionosphe 
scattering layer and the refraction which occurs in the trop 
sphere. The effect of variations of these parameters is @ 
cussed, and it is shown that probable variations of ionosphe 
height and refraction are unimportant for circuits up to abo 
1 100 miles in length. 

The concept of optimum height of aerial above a smog 
reflecting foreground is introduced and is shown to 
applicable to the partially incoherent wave which results fre 
the scattering process. 

The additional question of adequate overlap of tho 
regions of the ionosphere visible from the transmitting 
receiving aerials is considered, leading to recommendatio 
for circuit design. It is shown that the design of very lo 
circuits presents difficult problems, and that to sed 
consistent performance on such circuits it might be advant 
geous to use two aerial systems at different heights. 


The Structure of High-Frequency Ionospheric Scatter Sig 
Paper No. 2529: Part B 


D. WILLIAMS, B.SC. 


The paper reports measurements of amplitude distributio 
lateral correlation, diversity effects and error rates of iom 
spheric scatter signals at a frequency near 70 Mc/s. The resi 

are discussed and it is concluded that a markedly ne 
Gaussian signal occurs at some times. The effects of sigt 
structure are examined, and it is shown that the only effé 
is that some loss of diversity action would need tv oe includ 
when deducing the performance of a link from the medi 
signal and noise levels. The signal/noise ratio required 1 
various error rates in a non-diversity system is derive 
together with information of use in estimating the feasibill 
of h.f. communication links. Some information on the di 
variation of cosmic-noise intensity is given. 
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Radio Interference as a Factor in Ionospheric Scatter Commu- 
nication Paper No. 2527: Part B 
G. A. ISTED 
e problem of radio interference is particularly acute when 
onsideration is being given to ionospheric scatter communi- 
cation. This is mainly brought about because of low-average- 
scatter signal intensities, and the consequent need for high- 


Bain receiving aerials. 


A wide variety of both man-made and natural interference 
has been encountered in the United Kingdom during an 
investigation into the behaviour of scatter transmissions from 
Gibraltar. Furthermore, specific surveys have been made 
which have yielded valuable information concerning distur- 
bances at other geographicai locations. 

The problem resolves itself mainly into two categories: 
(a) disturbances which have their sources in the vicinity of 
the receiving aerial, and (4) disturbances which are propagated 
over great distances. Type (a) can be largely overcome by 
adequate separation of the receiving site from disturbing 
sources, and by careful design of the receiving aerial; type (5) 
could be overcome by raising the operating frequency. 


mAnalysis of Gibraltar—United Kingdom Ionospheric Scatter 


Signal Recordmgs Paper No. 2523: Part B 
G. A. ISTED 


The variation of ionospheric scatter signals received at East 
Hanningfield, Essex, from the experimental transmitter at 
Gibraltar has been analysed, but, because of some disturbing 
factors, great care has had to be exercised in accepting certain 
ecordings. 

In general, the mean signal levels are a maximum between 
0400 and 1 200G.M.T., while a fairly well-defined minimum 


occurs at about 1800G.M.T. Signal bursts of duration 


greater than 1 min appear to have a diurnal variation similar 
0 that of the observed mean signal levels. 

The time relationship between the first appearance of an 
identifiable burst at two receiving stations separated by a 
distance of 70 miles has been investigated. On an east-west 
route the mean lag at the west station is just over 2min, the 
tange being from +11 to —6min; the latter represents a lag 
at the east station. A pronounced seasonal variation in mean 
signal levels has been disclosed by the analysis. Two sharply 
defined minima occur, one centred on March, the other on 
October; of the two maxima, that which occurs in December 
is the higher. 

The variation of transmission loss with frequency derived 
from the analysis confirms the American data obtained at a 
similar mean latitude. Compared with 37 Mc/s, the mean 
signal levels for corresponding months show a reduction of 
10dB for 48 Mc/s and 19dB for 70 Mc/s. 


Polar-Diagram Requirements for Aerials for Communication 
by Ionospheric Scatter Paper No. 2516: Part B 


D. H. SHINN, PH.D. 


The required polar diagram of the aerials for ionosplicric- 
Scatter communication depends on four factors, namely the 
size and shape of the zone in the ionosphere which can be 
seen from both terminals, the effect of the angle through 
Which the radiation is scattered, the allowable multi-path 
delay and the interference. Diagrams showing the mutually 
visible zone are presented for path lengths between 1 200 and 
1800km. The available information on the scattering proper- 
ties of the ionosphere suggests that there is not much advantage 
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in reducing the beam width in the horizontal plane below 
about 30°. The required polar diagram in the horizontal plane 
is discussed in detail for a path length of 1200km. For the 
polar diagram in the vertical plane it is important to ensure 
that the lowest lobes from each terminal overlap well, and 
that as much power as possible goes into the lowest lobe. 
Rules for achieving this are given, and protection against 
interference to or from distant stations is discussed. The 
author investigates requirements for the reflecting surface 
(land or sea), and shows that horizontal polarization is 
preferable; the size and allowable roughness of the surface 
are specified. 


The Angular Distribution of Energy Received by Ionospheric 
Forward Scattering at Very-High-Frequencies Paper No. 
2487: Part B 

W. C. BAIN, M.A., B.SC., PH.D. 


A study has been made of the angular distribution in the 
horizontal plane of the energy reaching Slough from a v.h.f. 
transmitter at Gibraltar by scattering in the ionosphere. The 
mean bearing of the energy distribution is found to vary with 
time of day, and is, on the average, zero in the middle of the 
day and 7° west by night with reference to the great-circle 
path. The spread in bearing of the incident energy at any time 
has a standard deviation, with a mean value of about 6°. 


The Direction and Amplitude of Reflections from Meteor Trails 
and Sporadic-E Ionization on a 1740km North-South Path 
at Very-High-Frequencies Paper No. 2537: Part B 


R. W. MEADOWS, B.SC. 


The paper reports measurements made at Winkfield, near 
Slough, on signals received from a transmitter at Gibraltar 
operating on 37-3Mc/s. A diurnal variation of the mean 
bearing of meteor-trail reflections is found, and the angles of 
elevation are consistent with those to be expected from the 
path geometry. The rates of reception are found to be 
consistent with an inverse amplitude law for the weaker 
reflections and with an inverse fourth-power law for the 
strongest. The bearing of the strong persistent reflections 
obtained from sporadic-E ionization lies close to the great- 
circle bearing. Applications to practical transmissions are 
briefly considered. 


Short Bursts of Amplitude of a 50 Mc/s Wave received over a 
Distance of 480km Paper No. 2530: Part B 


G. S. KENT, B.A. 


Observations have been made on short bursts of signal 
received at Cambridge from the Kirk o’ Shotts television 
transmitter at a distance of 480km. The time distribution, the 
distribution of amplitudes and the direction of arrival of 
these bursts are studied. The characteristics which would be 
expected if the bursts were produced by reflections from 
ionized meteor trails are examined and good agreement is 
found between these and the experimental results. 


Amplitude of Very-High-Frequency Signals Reflected from the 
Sporadic-E Layer in North-West Europe Paper No. 2514: 
Part B 


P. J. BRICE 


Measurements have been made at Banbury over a period of 
a year of the strength of the high-level signals occasionally 
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received from an Iceland transmitter operating on a frequency 
of 37 Mc/s. The results have been analysed and used to prepare 
curves of the estimated quasi-maximum values of field strength 
likely to be received over distances of 700-2000km in 
north-west Europe and for frequencies of between 30 and 
70 Mc/s. 


Session 2. 2.30 p.m. TROPOSPHERIC 
PROPAGATION BEYOND THE HORIZON I 


Guglielmo Marconi and Communication Beyond the Horizon: 
A Short Historical Note Paper No. 2479: Part B 


G. A. ISTED 


The paper describes experiments, carried out between 1928 
and 1936 by Guglielmo Marconi, which demonstrated that 
transmission beyond the horizon by means of microwaves 
was practicable. Furthermore the influence of tropospheric 
mechanisms on radio-wave propagation was recognized by 
him at the time. 


A Survey of Tropospheric Wave Propagation Measurements by 
the B.B.C. 1946-1957 Paper No. 2517: Part B 


R. A. ROWDEN, B.SC.(ENG.), L. F. TAGHOLM and J. W. STARK 


The paper describes beyond-the-horizon tropospheric wave 
propagation measurements made by the B.B.C. Research 
Department during the years 1946-1957. Initially, the data 
were used to assist the B.B.C. in planning common-frequency 
working within the United Kingdom for v.h.f. sound broad- 
casting and television, and later became a contribution 
towards the collection of data organized internationally by 
the C.C.I.R. and used by that body in the preparation of 
field-strength/distance curves representing average tropo- 
spheric conditions. 


The Measurement and Prediction of V.H.F. Tropospheric Field 
Strengths at Distances Beyond the Horizon Paper No. 2500: 
Part B 


J. K. S. JOWETT, B.SC.(ENG.) 


After a brief historical review of theoretical and practical 
deductions concerning the characteristics of v.h.f. tropo- 
spheric propagation beyond the horizon, the author describes 
a series of measurements made since 1948 by the Post Office 
at receiving sites within the United Kingdom. Particular 
attention is given to the concept of angular distance and to the 
effect of path profile on the median levels of field strength, 
as well as upon the range of fading observed. Simple trans- 
mission laws deduced from the observed data enable empirical 
curves of field strength versus distance to be drawn for various 
perceniages of the time. 


The Effects of Atmospheric Discontinuity Layers up to the 
Tropopause on Beyond-the-Horizon Propagation Phenomena 
Paper No. 2486: Part B 


B. J. STARKEY, DIPL.ING., W. R. TURNER, M.SC., S. R. BADCOE, 
B.SC., and G. F. KITCHEN 


Field-strength measurements at distances extending far 
beyond the horizon from a transmitter on a frequency of 
91-3 Mc/s have been carried out in an aircraft flying at heights 
of about 10000 ft. 

It is shown that the experimental data can be explained 
more readily on the assumption that the mechanism of 
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tropospheric propagation over such distances is due 
reflections from discrete discontinuity layers in the atmosphegt 


up to the height of the tropopause, than by the theory 
forward scatter due to turbulence. 


Some Investigations of Metre-Wave Radio Propagation in 
Trans-Horizon Region Paper No. 2509: Part B 


F. A. KITCHEN, B.SC., E. G. RICHARDS, M.SC., and I. J. RICHMO 

B.SC. 

Investigations have been made of the characteristics of metry 
radio transmissions in the trans-horizon region; at ranges 
to 400 nautical miles. These indicate the essentially continue 
existence of troposphere-supported signal components in th 
region, although their detailed characteristics are subject 
variations. 

Under particular meteorological conditions, such as { 
formation of an elevated inversion layer, an addition 
propagation mode is present, leading to a composite signal 
intermediate ranges. 


Session 3. 5.30 p.m. TROPOSPHERIC 
PROPAGATION BEYOND THE HORIZON 


Propagation Measurements at 3 480 Mc/s Over a 173 Mile F 
Paper No. 2510: Part B 


B. C. ANGELL, J. B. L. FOOT, W. J. LUCAS, M.SC., and G, 
THOMPSON, B.SC.(ENG.) 


The paper presents an account of an experimental study 
beyond-the-horizon radio scatter propagation at a frequen 
of 3480 Mc/s over a path of 173 statute miles between St 
Point and Wembley. Details of the path and brief details 
the transmitting, receiving and recording equipment are give 

Propagation data, collected from May 1956 to April 19 
are presented. The performance of the link is measured 
the hourly median transmission loss L, defined as the 
expressed in decibels, of the power transmitted to 
received. The diurnal and seasonal variations in L 
discussed. The distribution of the amplitude of the recei 
signal within a period of an hour is used to investigate 
characteristic rapid fading of the scattered signal. Se 
attempt has been made to associate variations in L 
general trends in the weather. 

The authors give experimental estimates of the 
coupling loss and compare them with various theoretid 
predictions. Preliminary measurements on double diversi 
with aeri:ls which can be separated in the vertical direct 
by distances varying from 9 to 17 ft, are reported. 

The effects produced by aircraft flying through the be 
are discussed, and a series of tests in which a naval air 
flew both along and transversely across the transmission pi 
is described. 


Some Tropospheric Scatter Propagation Measurements 
Tests of Aerial Siting Conditions at 858 Mc/s 

Paper No. 2528: Part B 

G. C. RIDER 

A tropospheric scatter link has been in operation for th 

months over a 98-mile path and for eight months ovef 

200-mile path at a frequency of 858 Mc/s. Received sign 

are shown to agree well with predictions of mean levé 

whilst seasonal and diurnal variations are slightly less 
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due 
108phe anticipated. Height/gain and space-diversity tests are 


neory qpescribed, and a comparison is made of signals received at 
our sites of very different aspects within the same locality. 
The fast fading is described in terms of fading range and 
on in ggading rate, and an effort is made to relate this information, 
ogether with the slower changes, to meteorological observa- 
ions. A programme of synchronous beam rotation has been 





-HMONE ried out, and tests of received polarization show the 
f polarization to be well preserved in propagation. The 
nal Histurbing effect of local flying is investigated and discussed. 
"nti P " 

" a he Long-Range Propagation of Radiowaves at 10cm Wave- 
bjects length Paper No. 2522: Part B 


.R. R. JOY, B.SC.(ENG.) 


1 as ti survey is presented of the results obtained in a series of 
idition hort-term experiments on the propagation of 10cm radiation 
signal @yer clear sea paths to distances well in the diffraction region, 
nder a variety of weather conditions. Very slowly attenuated 
ignals have been received consistently, under normal atmo- 
spheric conditions, from an initial threshold beyond the 
orizon when the diffracted signal is some 50dB below the 
orresponding free-space level. Analysis of the amplitude 
listributions of some of the received signals confirms that 
propagation to ranges in the extra-diffraction region was due 
0a scattering process. 














Radio Propagation far beyond the Horizon at about 3-2cm 
Wavelength Paper No. 2538: Part B 


c&, R. JOY; BSC. 


equen@n series of measurements on transmissions of 3-2cm wave- 
en Stagength at ranges far beyond the radio horizon has been made 
etails@ver various paths, at arbitrary periods of time. These have 
re givagstablished the existence of an essentially permanent extra- 
ril 19§@iffraction signal field. Whilst its level does not change 
ured @ppreciably with time, the character of this signal can vary 
1e rat™rom that typical of a scattering process to that due to a 
to thoherent mode of propagation. Further, although the observed 

L @ignal attenuation rate with distance is similar to that expected 
or a scattered field, the average level is found to be some 
0-15dB below that predicted from theory. There appear to 
e factors affecting the long-range propagation of 3-2cm 
aves through the lower atmosphere which are incompletely 
nderstood. Although no extensive analysis of meteorological 
monditions has been made, there is some evidence to show that 
existence of extensive well-pronounced anticyclonic 
tems results in poor propagation conditions for the 
tra-diffraction signals. 



















Review of Tropospheric Scatter Propagation Theory and its 
Application to Experiment Paper No. 2534: Part B 


. A. JOHNSON, M.A., B.SC., PH.D. 


comprehensive review is made of published work on the 
heory of beyond-horizon propagation of radio waves by 
eans of oblique scattering from randomly-distributed 
egularities of refractive index in the troposphere. A scatter- 
g theory is formulated which attempts to take as accurate 
ccount as possible of all effects likely to be important in 
yr thmptactice, consisting of some new results combined with the 
over#est features of existing theories. Application of this theory 
signe 2 variety of experimental results yields generally good 
. Jevesteement. Possible causes of some discrepancies, and the 
ss th kely relative importance of scattering and certain other long- 
istance propagation mechanisms, are discussed. 


nts 
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The Estimation of Transmission Loss in the Trans-Horizon 
Region Paper No. 2521: Part B 


E. G. RICHARDS, M.SC. 


The expression for the scattering cross-section derived by 
Batchelor has been integrated over the useful scattering 
volume for transmitting and receiving aerials aligned on a 
great-circle path, and formulae have been derived for the 
transmission loss. The application of the theory to experi- 
mental results at 86, 3000 and 10000Mc/s suggests that 
mean-square variations of refractive index of the atmosphere 
may be independent of height up to about 2200ft and may 
then vary with the inverse square of height. 





The following paper will also be published this month. 

A Ferrometer for the Determination of the A.C. Magnetization 
Curve and the Iron Losses of Small Ferromagnetic Sheet 
Samples Paper No. 2482 M: Part A 

PROFESSOR H. BLOMBERG, D.SC., and P. J. KARTTUNEN 

The paper describes the design and properties of a ferro- 

meter for measurements on small (about 30mm x 200mm) 

ferromagnetic sheet samples. 





OBITUARY 


JOHN HENRY CHARLES SPINKS 


The death occurred suddenly at his home on the 17th September 
1957 of John Henry Charles Spinks, who was born in India on the 
16th February 1899. He was educated at Lawrence School, Simla 
Hills, India, and received his technical education at the Thomason 
College of Engineering, Roorkee, where he obtained a certificate in 
electrical engineering. His course was interrupted for a year in 
1918-19 by service in the Indian Army as a Second-Lieutenant. 

In 1920 he came to this country to begin a two-year college 
apprentice course with the Metropolitan-Vickers Electrical Co., 
and at the end of it he joined the Motor Engineering Department 
of the company as an engineer. His main interest in the design of 
electrical machines centred on induction motors, and since 1949 he 
had been in charge of the Induction Motor Design Section. 

In his later years Mr. Spinks had been prominently associated 
with standardization of electrical machines and had worked 
enthusiastically on the B.E.A.M.A., B.S.I. and I.E.C. Committees 
to which he had been appointed. He was a member of the B.S.I. 
main Committee on Rotating Electrical Machines (ELE/1) and was 
Chairman of various other B.S.I. Committees. He was also Chair- 
man of two I.E.C. Committees, on Rotating Electrical Machines 
and Classification of Insulating Materials, and Chairman of two 
B.E.A.M.A. Committees. Numerous tributes from his colleagues on 
the various committees show how highly his work was regarded. 

At home he was a very keen gardener and always had a lively 
interest in natural life. He was quick to notice and comment upon 
any unusual plants and birds, and one could sense his enjoyment of 
such matters—things which many of us never see. He was also fond 
of music, both orchestral and operatic, and was very knowledgeable 
and interesting on the subject. 

His was a most courteous and kindly nature, and he had a 
cheerful and friendly manner to all. He was a most conscientious 
and loyal worker, always ready to be helpful and to give advice 
however busy he happened to be. Many engineers have much to 
thank him for in their early years of training. He will be very sadly 
missed by the wide circle of friends he made, and during the course 
of his career he made many in the engineering world. He is 
survived by his widow. 

Mr. Spinks joined The Institution as an Associate Member in 
1928 and was elected a Member in 1949. A. G. W. 
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Elections and Transfers 


The following elections and transfers approved by 
the Council are effective from the 7th November 1957. 


ELECTIONS 


Graduates 


AIKEN, Aubrey Donald 
AITKEN, Fred Meekison 
ALLERSTON, Harold George Dyer 
ALLISON, Walter 

AMON, Emmanuel Ayodele 
ANDERSON, Robert 

ANSARI, Iqbal 

ARCISZEWSKI, Henryk, B.SC.(ENG.) 
ARNOLD, Ronald John Kendal 
ASHFORD, Brian Philip 
ASKIRA, Muhammed Tata 
ATKINSON, John Derek 
Battey, Michael John 

Baker, Geoffrey 

BaALcomBE, Dennis Albert 
BARNETT, Martin Sydney 
Barry, Alan Frederick 
BeLForD, Timothy Morton 
BENNETT, Roy James 
BerLock, Monty David 
BEVERIDGE, Andrew 

BLocn, Cyril Ettienne, B.sc.(ENG.) 
Bo.Ton, Alfred Thomas 
BonbD, Norman Ward 
Bottoms, Frederick Alexander 
Brerton, Kenneth Martin 
BROOKE, Thomas Joseph 
Brown, Leonard 

BryYON, Terence Norman 
BUNN, William John 
BurBeck, Ronald Noel 
BURLING, Kenneth George 
Burns, Robert Cooper 
Ca.ver, Brian 

CarGILL, George Smith 
Carter, Keith Richard Frank 
Carter, Stanley 

Catto, John Duncan, B.£. 
CAULTON, Bernard 


CuHaAKKO-GeorGe, Mohan Jacob, B.A. 


CHAPMAN, Robert Francis 
Capp, Raymond George 
C.AaRKE, Robert Thomas 
CLEMENTS, Brian Geoffrey 
Coarpb, William Derek 
CoaTOon, James Richard 
CockerRHaM, Hubert 

Crowe, Victor Eric 

Currie, Donald 

Davies, David Gore Ashton 
Davies, Donald Wynn 
Davies, Marcus 

Down, John Otto 

Dowsett, Peter Howard, B.sc. 
Durr, Geoffrey Ernest 
Durry, Patrick Stephen John 
EASTERBROOK, Bernard Jan.es 
Ecc es, James Edward 
Evans, George Gwynfor 
Evans, Kenneth Alfred 
FincuaM, Kenneth Harry 
Fraser, Jack Stanley 
FREEMAN, Keith Osborne 
FrEND, Dermot Neville 
Gann, Graham Dean, B.£. 
GARDENER, Gordon Hector 
Gites, Peter Michael 
GLADMAN, James Edwin, B.sc.(ENG.) 
Gour, Prakash Narayan, B.sc. 
GranaM, John Foster 
GreENwoop, John Dewhirst 
GriacGs, Arthur Frederick 
GriGssy, John Walter 
Grose, Maurice Alan, B.SC.(FNG.) 
Guest, Alan. 

HamsuHereE, Albert Alfred 
Harreit, Claude Victor 
Hersey, Alan Walter 

Hietr, Peter 

Hitt, Ronald George 
HINCHLIFFE, Philip 
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Hiscox, Edward Roland 

Hosson, Ralph 

Homes, Alan 

Hopkins, Ronald James 

HopkKINSON, Roy 

Hors ey, John Francis 

Horwoop, Gordon 

HotuHaM, Alec, B.Sc. 

Howarp, David 

Hunt, Cyril 

INMAN, John Graham 

JACKSON, Leon 

Jerrery, Gerald Victor 

JOHNSON, James 

JOHNSTONE, Ian 

Jones, Henry Oliver 

KuBaNnse, Edin Eden 

LanirF, Dermot Joseph, B.£. 

Lams, Leonard Cecil 

LANE, Thomas Ernest 

LAuRENCE, Raymond John 

Lawrence, Anthony Edward 

Le Butt, Brian Edward, B.SC.(ENG.) 

LEIGHTON, Ronald 

Lewis, David Michael 

Lortus, Desmond Samuel 

Loucn, Ronald David 

Lucas, Alan John Empson 

Luxon, Keith Kenneth 

MACDONALD, Iain Huisdean, B.sc. 

McGrecor, Cyril Raymond 

Macuin, Geoffrey 

McInrtosu, William Alfred 

McKinney, Raymond 

McLEaNn, Kenneth James, B.E. 

MANN, George, B.SC. 

MARSDEN, Tom 

MATHEws, Maurice James 

MATTHEWS, Robert George 

MESSAGE, Fit.-Sgt. Stanley George, 
R.A.F. 

MILLWwateR, Milson Clifford 

MINTER, Ronald Henry 

Morrat, Thomas 

Moor, Christopher, B.A. 

Moorey, John Arthur 

Myers, John Alfred 

NEALE, Peter John 

Nutter, John Lawrence, B.E. 

NZEGWU, Theophilus Ifeanyi Ofili, 
B.SC.(ENG.) 

O’Keerre, William, B.e. 

OLscuerR, Wilfred Gerhard, B.A. 

Ora, Alan 

Parry, John 

Parsons, Lionel Charles, B.£. 

PASKINS, David Cecil 

PeGG, William Frank 

Powe LL, John William 

Pratt, David Keith 

Pratt, John Michael! Keith, B.sc. 

PUNSHON, Alan 

PurRNELL, John Arthur, B.E. 

RAJADHYAX, Laxman Mangesh 

Ramsay, Donald Charles 

Rapr.ey, Joseph Kenneth 

Ray, Eric 

Reap, Victor John 

Reppatn, John Kenneth 

RICHARDSON, John Dalkin 

RicsBy, John 

Rosertson, Harry 

SALT, Kenneth John 

SapsrorD, George 

Savva, George 

Scott, lan Wallace 

Scott, James Henry 

ScrRIMGEOUR, James Alexander 

SHAMMAS, Alif Salim 

SHELDON, John Reginald 

Suie.ps, John Philip, B.sc. 


Graduates (contd.) 


SHINKFIELD, Roger John, .t. 

SuurF, Ronald Stanley 

SING, Arllen 

SKINNER, Sydney Lonsdale 

SLACK, Billy 

SmitH, Capt. Brian John, B.sc.(ENG.}, 
R.E.M.E. 

SaitH, John Edward 

Smits, Aivars 

SNELL, William Tysoe 

SNooK, Albert Thomas 

Soop, Vidya Sagar, B.SC., B.SC.(ENG.) 

SPRAGGONS, Victor 

STANBROOK, John Alfred 

Sree, John Greenly 

STRINGER, Michael 

Stuart, Roy Archibold Alfred 

SturGEss, William Henry 

SumMERS, Raymond Edgar 

Tams, Kenneth William 

Tuomas, Godfrey 


Students 


AHAMED, Syed Vickar, B.E. 

Ajayi, Olugbenro Adeyemi 

AKHTAR, Abdul Sattar 

Bropie, John Herbert, B.sc. 

Burnett, Norman Alexander 
MacAlpine 

Carley, Robert 

pE Sousa, Carlos Mussolini 

EsTrerson, John Michael, 8.sc. 

FARHI, Marc Ernest, B.SC.(ENG.) 

Fonseka, Wanniarachchige Roland 

GALLAGHER, Michael Joseph 

GUNASEKERA, Wallace Samarasinha 

Harris, Stuart Hardie 

HEARN, Anthony George 

Hit, Clive William, B.sc. 

Hurt, Malcolm Rodney 

JACKSON, Brian 

JENKINS, John 

KAMALANATHAN, Sivagurunathar 

KARCHAUDHURI, Sudhansusekhar, 
B.SC. 

KNapP, Raymon 

Lee, Wing Kee 

Lyon, Derek Charoes, B.sc. 

MAHENDRAN, Paramoo 

MANN, Michael George, B.SC.(ENG.) 

MATTHEWS, Frederic Gordon, 
B.SC.(ENG.) 

Maw ey, Vishwanath Narayan 

METTIANANDA, Asoka 


TRANSFERS 


Student to Graduate 


Apams, John Andrew 

ADAMSON, Sub-Lt. Robert Vaudrey, 
B.A., R.N. 

AKERMAN, John Michael 

Amor, Cecil Frederick 

ARNOLD, Vaughan, B.SC.{ENG.) 

ASHLEY, John David 

ASHTON, Derek Cyril 

ASHURST, Fred 

AYLING, Stanley Gerald 

BaGor, William Arnot 

BaiLey, Robin Andrew, 8.F. 

BAKER, Philip Davall 

Bet, Ernest Clifford, B.sC.(ENG.) 

BENNELL, David Walter, B.sc. 

BiLLINGE, Peter Louis, B.Sc. 

Bottom, John Robin, B.sc.(ENG.) 

Brett, Robert Frank 

BricGs, Neville 

BrRIMELOW, Peter 

BROCKWELL, Kenneth John, B.sc. 

BROOKER, Reginald Douglas 

Brooks, Ronald Clifford 

Brown, Frederick 

BRYANT, Walter Edward 

Burrows, Michael! Leonard, 3.SC.(ENG.) 

Burton, Ivor Stewart 

CarTER, Ronald Philip, 8.SC.TECH. 

CARTWRIGHT, William 

CHAMBERLAIN, John 








Student 


RIFFITHS 
ALL, Art 
ARDMAN 
ARMSWO 
ARVEY, / 
EATON, ¢ 
ewrrT, F 
icxs, D« 
oss, Al 
OLLIDAY 


Tuomas, Gordon Frederick 
THOMPSON, David Cyril 
TickNeR, Derek Charles 
Tit TEN Quee, Paul 
Tomasson, Olafur, B.sc. 
Topp, Ivor Bernard 

Trim, Lucien Albert Joseph 
TUNNICLIFFE, Neville 
VawseR, Keith Derwent, B.E. 
WALKER, Frederick, B.Sc. 
Wats, Alan George 
WARMOTH, Denis 

WARREN, Kenneth Roy 
WATSON, Benjamin 
WuirteHouse, Hubert David 
WHITFIELD, Keith Alexander 
WiLiams, Sydney Charles 
WILLSON, Kenneth Alan 
Witson, Gordon Hugh Fox 
WITHERS, Brian Neville 
Woo ..ey, Bryan James 














Moore, Bryan 

Morais, George Edwin, B.Sc. 
Norton, John 

PATCHETT, Bernard John 

PATEL, Jashbhai Shankerbhai, B.e. 
Patet, Thakorbhai Umedbhai, 8.8. 
Payne, David John 

PILKINGTON, Donald James, B.sc. 
Price, Maurice Edward 

Racpu, David Godfrey 

RANDERI, Narendra 








Rao, Gurpur Koladabadi 

Radhakrishna e 
RICHARDSON, Robert ‘aadastge 
Ritey, John Ashley picHOLSO} 
Rosson, Brian, B.Sc. Nai, Cyril 
SaiTH, Philip John Mytton pueaLsy 
Soysa, Warusahannadige Neil, B.sc. TEL, Shi 
SPIRLING, Thomas John AVIOUR, | 
Supweeks, Richard William AYN, De 
TamBE, Pratap Shripad, B.sc. AYE, Dé 
TAN, Kiah Tong 
Tate, Peter Anthony 
Teo, Chye Poh, B.sc. fhe fol 
VAN Baars, Gerald a : 
VAN DER WESTHUYZEN, Johannes Petr ouncil 
Wuite, James Trevor 


Wuite, Joseph Edward Dixon 

WUAYATILLEKE, Don Gilbert 
Dharmasena 

Wooncer, Peter 





CHAPMAN, John 

Cuar es, Ivo John 

CHILD, John David, B.sc. 
CHRISTOPHER, Kenneth Charles 
CiarK, John Stewart 

Cuiuett, Gonzalo William John 
Coss, Roland Roebuck 

Coie, Arthur Alexander, B.sc. 
Co.uis, Reginald Edward 

Cross, Peter James 

Dikko, Yahaya Abdurrahman 
Dines, Paul 

Doccetr, Peter Edward 

Dont, Clifford Graham 

Dut ey, Peter John 

ErbEN, Dogan, B.sc. 

Evans, Clifford 

Eve.eiGH, Ronald David 

Eyes, Edwin John 

Farr, Charies John, B.SC.(ENG.) 
Ferser, John Frederick 

Foxon Derek 

FULLER, Marcel 

GaALLoway, Fred 

Gane, Alan Ernest 

GuosH, Asoke Kumar, B.SC.(ENG.) 
Giro.er, John 

Goopncui_p, Albert David John 
Grern, Leonard Andrew RAINGER 
Green, Leslie John ARDY, H 





ssociai 
RCHENOL 
ROWN, A 
HISNALL, 
AYTHORD 
asep, He 
flonro, A 
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girFitHs, Derrick Thomas 
aL, Arthur Conway 






aRMSWORTH. Jack Albert 
arvey, Anthony Thomas 
faTON, Geoffrey 

ewrtt, Patrick John 

icks, Donald Keith 

iosss, Alan James 

oLLIDAY, Bryan 

OLLOWAY, Peter Joseph 
lovmes, John Nicholas, M.sc. 
o-mes, Robert Thompson, B.Sc. 
owarD, John Howard 
ucues, John Robert 

uNT, Peter Brian, B.SC. 















AcKSON, Hedley Colin 

res, Alan, B.SC. 

eNKINS, Harding Meredith, 
B.SC.(ENG.) 

Keen, Peter Edward Roland 

kinG, Michael Harold Ross, 
B.SC.(ENG.) 

aMKIN, Geoffrey Antony 
ANGFORD, John Ian 


BE ews, William Peter 


ti, B.E. 





cRoss, Neil Farquharson, 
B.SC.(ENG.) 

ALONEY, Terence 

ARSHALL, Derek 

es, Robert Sidney 

ur, Wallace William 

iaGy, Andrew Francis, B.E. 
‘ewMAN, John Gordon 
\ICHOLSON, Geoffrey Bailey 
ri, Cyril Onuora 


B.SC. 


\UNNELEY, John Charles Balmayne 


aveL, Shantilal Tribhovandas 
aviouR, Edwin 

AYNE, David John 

aYNE, David John 


1, B.SC. 


Student to Graduate (contd.) 


ARDMAN, Edmund Peter, B.sC.(ENG.) 


WwcHAM, Jeremy Colin, B.SC.(ENG.) 


atimeR, David William Milton, B.a. 


MacKINNON, Ian Alexander, B.SC. 


Peet, John, B.SC.(ENG.; 

Puecrs, John Keith 

PHitiips, David Stuart 

Puit_potts, Leslie Howard 

PiLuiNG, Harold William Cliff, 
B.SC. TECH. 

PRITCHARD, Ronald Sidney, 
B.SC.(ENG.) 

Procter, Frank Edward 

PuGuH, Alan, B.Sc. 

REAVILL, Barry 

Reep, Geoffrey Alexander Leslie, 
B.SC.(ENG.) 

Rocue, John 

Rocky, Michael Stanley 

Roppy, Gerald Francis 

RYAN, Frank Leonard 

SANDERS, Edward Thomas 

SAUNDERSON, Anthony David 

SHACKLETON, John Michael, B.Sc. 

SKINNER, Samuel Edward, 8.SC.(ENG.) 

Spencer, Arthur James, M.A. 

Spinks, David 

STANLEY, Graham Edward 

STEVENSON, William Gray 

STRONG, Robert 

TayLor, Gordon 

THEOBALD, Ivan Spencer 

Topp, Barrie John 

Wates, John Richard 

Waye, Jack 

Wess, David 

Wesster, Alan Henry 

WEDLOCK, Thomas James 

WELLINGS, Donald Clive 

WELLS, Maurice 

WuttLow, Colin Hubert 

WICKEN, Clifford Stanley 

WILsoNn, Ian 

Woon, John Irwin 

WRIGHT, John Peter 

Wyke, Cyril Brian 

Youna, Derek Albert 


he following elections and transfers approved by the 


nes Pet 
LECTIONS 


ssociate Members 
















B.SC.(ENG.) 

AiR, David Gordon, B.SC.TECH. 
OWNING, William John Cowan 
ROUCHMAN, Ernest Leslie 
OWWEATHER, Frank, B.SC., PH.D. 
HASSEMIAN, Abbas, DIPL.ING. 
ILLMAN, George Godfrey 
RAINGER, Frank 

06G, David Dorward, B.sc. 

HAN, Abdul Hameed, B.a., 
B.SC.(ENG.), M.A.SC. 

oD, Dennis Arthur, B.sc. 
cCANN, David Band 

ARSHAM, Thomas Nelson, B.sc., 
PH.D. 


Sssociates 


RCHENOUGH, Arnold 
ROWN, Allan 

HISNALL, William Edward 
AYTHORNTHWAITE, Hubert 
AD, Hosheng Hormasji 
PONRO, Alfred James 


RANSFERS 


tssociate Member to Member 


RNOLD, William Eli 
Lsty, Frederick Harold 

NG.) BLAKELEY, Philip William 
AWSON, Stanley 


n VERSHED, John Dendy, B.SC.(ENG.) 


RAINGER, Ernest James, M.SC. 
ARDY, Henry Cyril 


ANUARY 1958 





AM, Donald William Collington, 


ouncil are effective from the 2nd December 1957. 


McEacuern, John Martin, B.£. 

NicHoLs, George de la Mare, 
B.SC.(ENG.) 

Parry, Charles Alchorne 

Preston, William John 

Rae, William Ian Lorence 

STRINGER, Harold 

Sup, Indar Sain, B.sc.(ENG.) 

Swann, Henry 

THOMPSON, James 

THOROGOOD, Dennis 

WALSH, William 

WHITEHEAD, Geoffrey Herbert 

WIGHTMAN, Eric Jeffrey 

Wurr, John Cecil, M.A. 


Pricer, Norman Rookby 
Snarpey, Walter Albert 
Spencer, Bernard John Charles 
Swan, Sqn. Ldr. William, R.A.F. 
YOuUDAN, Denis 


HENLEY, William Ronald 

Kress, Ernst Wolfgang, DIPL.ING. 
Moes, Gerlacus 

Money, Stewart Henry 

Oxrorp, Alan John Henry, B.sc. 
ParKIN, Geoffrey William, M.ENG. 
Ross, William, M.A. 


Associate Member to Member (contd.) 


Spencer, Gordon Arthur 

STAFFORD-GaFFNEY, Lt.-Col. William 
Nicholas, B.SC.(ENG.), R.E.M.E. 

SresBinG, Geoffrey Charles 


Graduate to Associate Member 


ALAGARATNAM, Candiah, B.sc. 

Atium, David Albiston, B.£. 

ANDERSON, William Douglas Laing, 
B.A. 

ANDREW, Peter 

Askew, William 

ASTRAEOS, Paul Theodossios, B.£NG. 

BaucLpreay, John, B.SC.(ENG.) 

BLACK, Stewart Carstairs, B.Sc. 

BRACKLEY, Kenneth Joseph 

BreaLey, Alan Donald Robert, 
B.SC.(ENG.) 

Bue.t, Devavardhar, B.sc., 
B.SC.(ENG.) 

Byrorp, Gordon Holt 

Byrv, David John Powell, B.sc. 

Catton, Ernest 

CHapwick, James Schofield, B.sc. 

CHANDLER, David Edward Ernest, 
B.SC.{ENG.) 

Curistie, William Crearer 

Crick, Richard Edward Roland 

DaLiow, Raymond William 

Da.ton, Oliver 

Davipson, John Frederick, B.sc. 

Demaine, Harry 

DENISON, Edmund, B.SC., B.SC.(ENG.) 

Dunn, Frank 

FATEHCHAND, Ramdas Richard 
Thakurdas, B.SC.(ENG.), PH.D. 

FERNANDO, Ira Barry Evertsz 

Fisuer, John 

Frrzsimons, Henry 

Fosrer, James Henry, B.SC.(ENG.) 

Fow er, Eliot Patrick, M.A. 

FRANGINI, Robert Louis, DIPL.ING. 

Frencu, George Henry 

GiimouRr, William Dudley, B.a. 

Goroint, Rafield Barry, B.e. 

Gove, Robert Morrison, B.sc. 

Haut, Harry Sydney 

HARDMAN, Robert Ian 

Hayes, Douglas Percy 

HEMMINGS, Robert Frederick, M.A. 

HENDERSON, Frederick 

Horner, Walter 

Hoy e, Robert Harold Dickon, 
B.SC. TECH. 

HuGues, Owen Idris 

HUuLL, James 

IpseN, Roy 

Jones, Daniel, B.sc. 


Tay.or, Leonard Francis, 8.sCc.(ENC.) 
Tee, James Victor, B.sC.(ENG.) 
Tuomas, George Edwin Threapland 
THOMSON, William Charles, B.sC.(ENG.) 


Jones, Edward Raymond, B.sc. 

KENNERLEY, Francis Roy, B.£. 

Leacn, George 

Lees, Alan Barnhart, M.SC.TECH., PH.D. 

Leevers, Kenneth Norman 

Lirety, William Michael 

Linpsay, Louis Stradling 

LONGMAN, Peter Henry, B.sC.(ENG.) 

LOWMAN, Anthony John 

McGreat, Patrick Stanley Michael 

MARSHALL, John 

Martin, Arnold Marshall, B.sc. 

MarTIN, Raymond Gerald, B.sC.(ENG.), 
B.SC. 

Mutr, David George, B.SC. TECH. 

Myers, Harry, B.sc. 

NAJMABADI, Farrokh, B.SC. 

Necus, Arthur John, B.sc. 

Nrxson, James Mayer 

Payne, Alister Arthur Sinclair, 
B.SC.(ENG.) 

PHELAN, Richard Daniel 

POLLARD, Eric, M.SC. 

Porter, Howard Colin, B.a. 

Potts, Tom Baxter, B.sc. 

Rippon, Kenneth Philip, m.a. 

Rosinson, William Adam 

Rocers, Herbert, B.sc. 

Russe__, Derek Barry, B.SC.(ENG.) 

Rutter, Marshall Sorley 

SHARPE, Peter James, B.e. 

SHERRY, Alan, B.SC, 

Suru-Wal, Au, B.SC.(ENG.) 

Skuse, Victor Ernest 

SmirH, Ronald Edward 

SpeiGuT, Laurence Harry, B.SC.(ENG.) 

STEELE, Francis Howard, B.SC.(FNG.) 

SUTHERLAND, Sidney Henry John, 
B.SC.(ENG.) 

TayLor, David George, B.SC.(ENG.) 

TayLor, Robert Douglas 

THOMSON, Kenneth John Hewan, 
B.SC.(ENG.) 

Treece, Douglas Rex 

Tyacke, Stanley William 

Wa .tace, Nelson Griffith 

Wakrina, Eric 

Warwick, Alan Rowland 

WHEELER, Donald James 

WINTERBOTTOM, John, B.SC. 

Wyute, Geoffrey Arnold, B.sC.(ENG.) 

YouNG, Thomas Andrew Marks 


The following elections and transfers approved by the 
Council are effective from the 5th December 1957. 


ELECTIONS 


Graduates 


ALLAN, Robert Joseph 
ALLEN, Douglas Cooper 
ALLMAN, Dennis 
ANDREWS, Henry James 
ASHTON, Edward George 
ASHWORTH, Harry 
AYLING, John Kenneth 
Baitey, John Milne 
BAKER, Peter Norris 
Baker, Peter William 
BaLaaM, John James 
BALL, Derek Stanley 
BANTON, Douglas Arthur 
Barc.iay, Deryk Neville 
Barbos, Imre 

Barker, Peter John 
BARNWELL, George Henry 
BaRROw, Stanley 
BeG.ey, James Anthony Gerard 
Bett, Edward Darroch 
Bennett, Colin Peter 
BENNETT, Raymond 


Berry, Arthur Albert 

Berry, Keith 

BetTTISON, John Maurice 

Birp, Robert John 

BLAGRAVE, Reginald Francis 

Bair, David Thomas Alexander, 
B.SC.(ENG.) 

Buicxett, Douglas Stanley 

BLuNpDy, Robert William 

Bowen, Julian 

Boyce, Alan 

Boyce, Keith Mossetta, B.F. 

BraDING, Rowland William 

Brap.ey, Russell Terence 

BREND, Colin James 

Brewer, Norman Lynton, B.e. 

BrisKHAM, Harold Raymond 

BRUNSKILL, Raymond Harborough 

BumrorD, Brian Arthur 

Bunner, Alfred George 

Burcess, David Cyril 

Burke, Frederick Charles 





Graduates (contd.) 


Carson, William 
CIPOLLINA, Giuseppe, DR.ING. 
Corrte, Ronald Alan 
Comser, Gerald 
Cooper, Alan William 
Coucny, Brian Emile 
Cowen, Maurice 
Cox, Maurice Edward 
Crawcour, Richard Hutton 
CRESSWELL, Peter 
CUSHING, Brian Michael 
DaGNaN, John Cyril 
Day, David Kenneth 
Day, John 
DERBYSHIRE, Robert Heyworth 
Dias, Douglas Bruce 
D1ssen, Leslie Charles 
DONEGAN, James 
DuNKLEY, Sydney Edward 
Eaves, Colin George 
Epwarps, Peter Kenneth 
Epwarops, Stephen Albert 
Eveso, Mobolaji Adebayo 
Emery, Anthony George Montague 
Evans, Thomas Alwyn 
FELL, Stuart John 
Forrest, Eric Graham 
Forrest, Sidney Arthur Edward 
Forster, Peter Derek 
Furniss, Clifton 
GARDNER, Anthony Trevor 
GARRAWAY, Dan 
GLEAVE, James Ernest 
GOODHAND, David 
Goopwin, Dennis Sydney, B.SC.(ENG.) 
Gray, Jack Frederick Allen 
GreEN, Harry Horton 
Greacory, George Henry 
GrirFitH, Donald 
Gronow, Peter John David 
HALL, Raymond 
HALL, Ronald George 
HALLAM, Derek 
Harris, Kenneth Jack 
HARRISON, Leslie 
HASSALL, Douglas Charles 
HAWKINS, William James 
Hay, James Patrick 
Haypen, Robin John 
HAyYwarb, Brian Philip 
HEATON, Malcolm William 
HENDERSON, James David Clive 
Hicks, Anthony Gilbert 
Hicains, Keith George 
HILL, Richard Maxwell, B.A. 
Ho.Lpswortn, Robert 
Horner, John Joseph 
Houau, Roy 
HowartTH, Eric 
Howe, Kenneth George 
HuGues, Ioan Telford, B.sc. 
HUTCHINGS, Keith Leonard 
HUTCHINSON, Ralph 
HynaM, Peter John 
IZZARD, Alan 
JACKMAN, Peter John 
JACKSON, Derek Ronald 
JAFFE, Bernard William, B.A. 
JAMES, John Malcolm 
JAMES, Peter Bernard, B.SC.(ENG.) 
JARDINE, David Graham 
JeLLey, Edward Horace 
Jones, David Hefin 
Jones, Gordon Richard 
KAVANAGH, Robert John, B.Sc., 
M.A.SC., PH.D. 
KENDALL, Desmond James 
KHAN, Abdul Salamat 
Kiisy, Cyril Ivor 
KILLORAN, Brian 
KiNG, Anthony Henry 
KING, Donald Clifford 
KING, Peter George 
KrTson, Roy 
KosLowsky, Vasyl 
Lake, John Leonard 
Leavitt, Frederick Clarence 
Le.uiort, Roy 
Linaker, Roy 
Lockett, Thomas Alfred 
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Lorp, John 

Lowes, Peter 

LuTHeER, Stuart Frank, B.sc. 
Lyncn, Eugene Bernard 
Lyncu, Richard Dennis 
Lyne, Arthur Edward 
McCarthy, James Patrick 
MARLOw, Ramon 

Mason, Arthur Charles 
MatTEar, William Crawford 
MATHER, Raymond Arthur 
MattuHews, Graham Farrah 
Mies, Thomas Dennis 
MiLter, Norman Howard 
MILLER, Rodney William, B.SC.(ENG.) 
MITCHELL, William Gault 
MorGan, Charles Thomas 
Mossop, Joseph 

Mycock, Brian Leslie 
Newey, Vernon Roy 

Nisbet, Robert Wood 

Nutt, Elwyn George 
O’Grapy, Arthur Joseph, B.£. 
Outver, Allan 

OsBorne, George James 
OYELEYE, James Olateju, B.SC.(ENG.) 
ParkER, John Denis Anthony 
Parker, Richard Howard, B.Sc. 
Parkes, George Robert 
PATRICK, Peter 

PEREIRA, William Vivian 
PHILLIPS, Peter Gwyther 
PHOENIX, Lancelot 

PICKFORD, Stanley George 
PircHer, Stanley 

PLANT, Norman John 
PowELL, Robin Hugh 

Price, David Griffiths 

Price, Geoffrey William George 
PUCKNELL, Douglas Albert 
PuRCHASE, John 

PURSEHOUSE, James Peter 
RAJASINGAM, Rajah Gabriel 
READ, Michael Batham 
REDHEAD, Ralph Kenneth 
RENSHAW, Donald Wilfred 
RICHARDS, Kenneth Harold, 
RINGROSE, Keith Hugh 
RISsHTON, Donald Kay 
Rixom, Peter Barrie, B.ENG. 
Roserts, Brian John 

SALTER, Stuart Lewin 
SAMUEL, Morton Augustus, B.SC. 
Sattar, Abdul 

Sentor, John 

SHARMA, Amrit Lal 

SHILLING, Harry Edwin, m.sc. 
SIDDALL, Harry Beach 
Simmons, Sidney 

SitH, Derrick Alfred 

SmitH, James Hurst 

SmitH, John Kenneth 

SmirH, Peter Charles Martin 
Souter, Jack Brockhurst 
Spain, David Anthony 
STANLEY, David 

STANLEY, Michael Colston, M.A. 
SratTrt, Stanley 

Sroppart, Brian Godfrey 
STRATTON, Alexander 

Sty.es, Donald 

SWINNERTON, Gordon Noel Thomas 
Tate, Alan 

TAyLor, Alan Thomas 
Tay_or, Colin 

Terry, James Ernest 
Tuomas, Desmond Henry 
Tuomas, Gwilym Henry 
THOMASON, Benjamin 
THORLEY, Victor Gilbert 
Tuory, Ronald Gordon 
TILLOTSON, Vincent Leonard 
Toney, Howard 

TONGE, Kenneth 

Twine, John Edward 
UsHERWOOD, Michael James Douglas 
Vesey, Robert 

Wappon, Edwin John 
WALDEGRAVE, Anthony John 
WALLace, John 


Graduates (contd.) 


WALTERS, George 

WARRINGTON, Richard Arthur Lewis 
WEARNE, George Wilfrid 

Wess, Roger John, B.Sc.(ENG.) 

West, Gerald Stanley 

Wire, Bryan Sydney 

WILKIE, Brian Roger 

WILKINSON, John Albert 

WILLIAMS, Edward William 


Students 


AGARWAL, Jawahar Lal, B.sc. 

AKED, Anthony 

ARUMUGAM, Thirumugam Vignarajah 

ASHWORTH, David George 

BaBu, Vadivale, B.E. 

BANKS, John Edward 

BENJAMIN, Donald Julian 

BHATTACHARYYA, Charu Krishna 

Bose, Subimal, B.Sc. 

Bostock, Edward Roy 

BRADBURN, Donald Gordon 

BRAMLEY, David Frederick 

BRION, Stanley Albert 

Brown, David John 

BRowN, John Thomas 

BULLEN, Nigel 

Burns, William 

CAMPBELL, John 

CAMPBELL, John Malcolm, B.sc. 

CARTER, Kenneth Blackburn 

CARTWRIGHT, Derek John 

Cow Ley, Christopher Vincent 

CRITCHLEY, Arthur Walter 

CRYER, Terence Frederick 

Currig, William John Murdoch 

DAMERAL, Thomas Charles 

DARNEY, Ian Brook 

Davies, Cyril Havard 

Davis, Ronald William 

Day, Raymond Harvey 

Dore, Derek Frederick George 

Epwarps, David George 

EUNSON, Eric Magnus 

EwIna, Ernest Frederick 

FERGUSON, John Alexander 

GANDERTON, William 

GarbIneER, Derek John 

GreEEN, John Owen 

Grove, Roger Michael 

Hair, Hugh Archer 

HAMILTON, Graham Archibald 

Haque, Shah Mobinul, B.sc. 

Hart, Govindbhai 

Harris, Alan Francis William 

Harris, Graham Toyne 

HATTON, James William 

HENTLEY, Edward Leonard 

HEwITSON, Thomas Alastair 

HOLLAND, Derek Albert 

Homes, Miss Jeannine Mary Lesley, 
B.SC. 

Horsne.L, Arthur Christopher 

Hoskin, Brian John 


TRANSFERS 


Student to Graduate 


AHMED, Sqd.-Ldr. Khwaja Mohiuddin, 
B.SC.(ENG.), P.A.F. 

AINGE, Robert James 

ARMSTRONG, John Stanley, B.Sc. 

ASLING, John 

ATKIN, Graham 

Bacon, Kenneth Frank 

BAILEY, Kenneth 

BAKER, Michael Charles 

BANNOCK, Keith 

BARCHAM, Henry Pattle, B.E. 

BARKER, Victor Allan, B.ENG. 

BATE, Daniel George, B.SC.(ENG.) 

BEARDSMORE, William 

BorkETT, John, B.Sc. 

BRADLEY, Henry Knight 

Brown, John Reginald Dawkins 

Brown, Norman John 

BURNLEY, Leslie 

CALLARD, David Royston 








Student 
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WiuiaMs, Lewis 

WILSON, Frederick James 
WILSON, James Alan 

WILSON, Sgt. James Ramsay 
WI.son, William 

WOLLASTON, Terence Cornthwaite, 
WoopwarbD, David Carver 
Yates, Lee 


HUGHES, Brian Patrick 
James, William Alexander 
Jones, William Gwyn Rees 
KANADE, Vasant Mukund 
Kar, Supriya, B.SC. 

Kay, John McLaren 
KECHARANANTA, Pranote 
Keere, Brian Edward 
Kerr, George 

KErRSH, Claude 

LARNACH, Eric 

LAWRENCE, Peter John 
LEONOWICZ, Jan 
MACKERTICH, Paul John 
McLEan, Graham Wilson j 
MALLALIEU, John Patrick 

Mixes, Clifford Victor Harry, B.Sc, 
Mowat, James, M.A. 

MUKHERIEE, Balaichand, B.Sc. 
MUKHERII, Archi Deb, B.sc. 
MUTHURAJAH, Nadarajah 
Newton, David Arthur 

Nutt, Peter Charles 

Opoxku, Nicholas Kobina 

Pace, George Graham 

PASMORE, Tom, B.SC. 

PAUL, Ian Andrew 

Reekie, Alan Fraser 

Reeve, Ivor Lionel 


Rizvi, Saiyid Ali Mustahson, 
B.SC.(E".) 

ROGEP ik Douglas 

SAIN: -der Singh 

SAN . ARAM, Joseph 


SHARDA, Baboolal, M.sc. 
SHEPHARD, James Henry, B.SC.(ENG:) 
SHEPHERD, Peter 

Simpson, Anthony 

SmitH, Ian McKenzie 

SmiTH, Michael Henry Arnould 
SPARROW, John Osborne 
STRINGER, Peter Edwin 
THALGODaPITIYA, Ananda 
THomas, Gordon Keith 
THROWER, Charles George 
TOWNSEND, Brian Joseph 
Tritt, Barry Howard 

TURNER, Malcolm 

VERMA, Rabindra Nath 
WILDRIDGE, Ernest Robert 
WinGate, Kenneth 

Woop, John Michael Steer 





Londo: 


Canby, Michael St. John, B.SC.(ENG) This bi 
CaruHart, Jack Charles Richard 
CARRUTHERS, John George William, Boma 
B.SC. widely 
CARTWRIGHT, Jeffrey lautome 
CHALLENGER, Michael Trevor 
CuHaMBERS, John Ernest 
CHANDRA, Akhileshwari Narain, asgCHER 


CLARK, Frederick John Augustus §Qn Hy 

CLAYTON, Barrie, B.ENG. 

Cook, Donald Edward George New 

CRAVEN, Peter Gordon nology 

Dennis, Graham bites 
This is 


Dewson, Robert William, B.Sc. 
Di_wortn, Anthony John Nicholas, B/or the 


B.SC.TECH. essays 
Dossy, Raymond % 
Downes, William especta 
DusBer, Thomas Albert ynunica 
Dwek, Maurice Gabriel, B.SC.(ENG.) 

JANU 


JOURNAL I.E. 











student to Graduate (contd.) 


art, Neville Colin 

MERSON, Bruce William 
ARNWORTH, George Harold 
erENCZY, Gabriel Imre 
{TZGERALD, Michael William 

‘ox, Norman 

hwaite, agaFREEMAN, Brian Vincent 

uLLER, Brian Walter, B.SC.(ENG.) 
ace, David Francis, B.sc.(ENG.) 
AUDEN, Clarence Godfrey, B.SC.(ENG.) 
ez, Norman 

o.sBY, Robin James 

oosey, Norman Frederick 
REGSON, Norman 

rey, Donald James 

RIFFIN, Eric James, B.SC.(ENG.) 
acue, Gordon Derek 

ALSALL, Eric 

ARGRAVE, James Brian 

ARTLEY, Eric. 

ATHAWAY, Andrew William 
Hawkins, David George 
HaworTH, Richard Anthony 
Heap, Derek Michael, B.SC.(ENG.) 





HEATH, Norman Arthur Kenneth 
HENNAN, Errol Hamilton 
HENWoopD, David John 

Hoare, Ernest 

Hopkins, David 

Huppart, Jack Edward 

Hunt, Roland Walter Benjamin 
ILes, Graham Cedric 

ILiFFe, David William 

JEBSON, Philip, B.sc. 

Jos, John Henry 

Ke sey, Ronald Arthur 
KINGSLEY, James Herbert 
LAMBERT, Walter Oliver 

LANG, Brian John, B.SC.(ENG.) 
LANGFORD, John Alastair 
LARSSEN, Bjorn 

LaTHaM, Francis Gerard 
LEONG, Kwok Onn, B.SC.(ENG.) 
Lines, Denis 

Locus, Hugh 

Lorp, Geoffrey Harold 
MANGLA, Harish Chandra, B.sc. 
Marcu, Barry Desmond Roy 






j 


























Denotes that the publication is also in the Lending Library. The 
ublications cannot be bought through The Institution; the pub- 
lishers and the prices are given only for the convenience of members. 




















BOOKS 


BARKER, M. L. 413 = 30 


Basic German for Science Students: with Vocabulary and English 
Translations of the German Passages. Sth ed.* 


London, Oliver and Boyd, 1956. pp. x, 164. 22 x 15cm. 12s. 6d. 


Designed for those science students who wish to gain a reading 
knowledge of the German language. The first part contains a short 
introduction to the basic grammar, which is followed by extracts of a 
eneral nature for translation. The second part of the book is confined 
0 short extracts on a wide range of scientific subjects including 
hysics, mathematics, and chemistry. In both parts there is an English 
‘ey to the passages on the opposite page. There is an extensive 
vocabulary. 


tahson, 


>.(ENG:) 


ild 
BISHOP, D. O. 37 
lectrical Engineering Electric Power, Telecommunications and 
Electronics* 


London, Hale, 1957. pp. 107. 19 x 13cm. 8s. 6d. 


Gives a brief survey of the many subjects covered by electrical engi- 
eering; describes the different types of job available—craftsmen, 
echnicians and professional electrical engineers—and the degree of 
kill and education and training required for each. The educational 
facilities in this country for students are described. 


ITTEL, L. R., MELDEN, M. G., and RICE, R. S. 658.2 

Practical Automation Methods for Increasing Plant Productivity 
London, McGraw-Hill, 1957. pp. vii, 376. £2 16s. 6d. 

C.(ENG)) 


oa This book is perhaps best described as a pictorial description of 
‘illiam, @@“omation in action. The examples illustrated serve to show how 
widely industry in the United States is making use of controlled and 
pautomatic handling for assembly lines. 


‘in, HERRY, C. 621.391 
sas Human Communication. A Review, a Survey and a Criticism* 


a New York, Technology Press of Massachusetts Institute of Tech- 
nology and Wiley, 1957. pp. xiv, 333. 23 x 15cm. £2 14s. 


. This is intended as an elementary review of the subject, and is not 
holas, B/or the expert, but for the general reader. It consists of a series of 
essays on communication, signs, language, etc., the analysis of signals 
especially speech, and statistical theory and logic applied to com- 
punication. 

(ENG.) 
: JANUARY 1958 








Student to Graduate (contd.) 


Mason, Guy 

MATTHEWS, Thomas Graham 

Mices, Frank Alexander 

Moran, Thomas Alfred 

MorRLING, Kenneth Frank 
MutuyauH, Susai Raj, B.A., B.SC.(ENG.) 
NELSON, Brian 

OLORUNSHOLA, Samuel Ademola 
Parker, John Martin 

PARKINS, Edward George 

Pars_ow, Brian George Stephen 
PEACHEY, Ronald Ernest 

Pe.ts, Brian Albert 

PICKERING, Trevor, B.ENG. 

Porter, Henry 

Porter, John Michael 

Price, Robert Edward 

PuLuin, Instr. Sub.-Lt. Michael, R.N. 
Rotn, Lewis George 

RYAN, William Joseph, B.E. 

Saacer, Peter Terence, B.SC.(ENG.) 
SAUNDERS, Michael William 

Swwpiat, Khurshaid Ahmad, B.SC.(ENG.) 
Simpson, Eric Ernest 


Smiru, John Alfred 

Situ, Vernon Robert 

SuMNER, Patrick James Coleridge 

TENNANT, David 

THAWAN!, Ghanshyam Vensi, B.Sc. 

THOMSON, Alexander, B.SC. 

THORNE, Brian Leslie 

Tracy, Peter Addis, B.sc. 

WALDRON, Colin 

Wa .tace, Gordon Richard 

Warpi._, David Henry 

Warrorb, Stuart Harold 

Watson, Brian Theodore 

Wuirte, Kenneth Stuart 

Wuitinc, George Benjamin 

WIDNALL, Michael Kevin 

Wiison, Godfrey James 

WILSON, Jack 

WinsuiP, Colin 

WOLFENDEN, Brian Arthur 

Woop, Richard Argent, B.ENG. 

Wray, Arthur Henry 

Wyatt, Capt. Michael John, 
B.SC.(ENG.), R.E.M.E. 






LIBRARY ACCESSIONS 


CHURCHMAN, C. W., ACKOFF, R. L., and ARNOFF, E. L. 65 
Introduction to Operations Research* 

London, Chapman and Hall, 1957. pp. x, 645. 23-5 x 15cm. 
£4 16s. 

This book, intended as an introduction to the subject, explains what is 
meant by operational research. It explains the way to analyse an 
organization and formulate the problem with the aid of models and 
diagrams and the simple mathematics involved. Examples are given 
and solved and the chapters end either with a summary or conclusion 
and a bibliography. 


COOKE-YARBOROUGH, E. H. 621.314.7 


An Introduction to Transistor Circuits* 
Edinburgh, Oliver and Boyd, 1957. pp. 154. 23 x IScm. 15s. 


This book is concerned mainly with the non-linear properties of 
transistors; hence transistor circuit noise, power amplifiers, tuned 
amplifiers and radio receiver circuits are not considered. The main 
part of the book deals with pulse circuits, but scaling circuits, switching, 
computer and other applications are discussed. The book was reviewed 
in the December 1957 issue. 


CULLWICK, E. G. 538.3 


Electromagnetism and Relativity with Particular Reference to 
Moving Media and Electromagnetic Induction* 


London, Longmans, Green, 1957. pp. xxiii, 299. 22 x 14cm. 
£3 3s. 

This is an advanced book concerned with moving bodies and electro- 
magnetic induction. It gives a detailed explanation of the Special 
Theory of Relativity and its application to electromagnetism, and also 
an original elementary theory which is applied to various classical 
experiments. The book will be reviewed in a future issue. 


DALES, J. H. 93 : 621.311 
Hydroelectricity and Industrial Development Quebec 1898-1940 


Cambridge, Mass., Harvard University Press, 1957. pp. xii, 269. 
24 x 16cm. £2 5s. 


This serious work, based on a research project, is an historical 
account of the development of the main Quebec power companies. It 
describes in detail how the large initial capital outlays were invariably 
financed from private funds, and how industrial development has been 
influenced by the availability of hydroelectric power. 
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EFRON, A. 53 
Basic Physics Vols. I and Ii 
New York, Rider, 1957. pp. xii, 692. 24 x 17cm. $7.60. 


This work covers the whole field of physics. It is copiously illustrated 
with pictures and pictorial diagrams and is intended for high-school 
classwork. Magnetism, electromagnetism, electrostatics and electro- 
chemistry are dealt with. A considerable part of the book is allocated 
to the subject of electricity including an introduction to radio. 


FLUGGE, S. (Editor) 53 


Handbuch der Physik Band XXVIII Spektroskopie II. (Encyclopedia 
of Physics, Vol. 28. Spectroscopy II) 


Berlin, Springer, 1957. pp. vi, 448. 25 x 17cm. £6 14s. 


This further volume in the series contains five chapters, two in English 
—on microwave spectroscopy and the Zeeman effect, two in German— 
on continuous spectra and crystal spectra, and one in French—on 
rotary polarization. 


FOURMAN, M. 413 = 82 
Science Russian Course* 


London, University Tutorial Press, 1949. pp. viii, 274. 19 » 
Ils. 6d. 


This book is designed for those who wish to read scientific Russian, 
but who have no previous knowledge of the language. A brief survey 
of the grammar is followed by a number of passages for translation 
taken from scientific books and periodicals, covering a wide range of 
subjects mainly in the fields of physics, chemistry and the natural 
sciences. There is an extensive vocabulary. 


12cm. 


GINZTON, E. L. 621.317.029.6 


Microwave Measurements* 

London, McGraw-Hill, 1957. pp. xvii, 515. 24 x l6cm. £4 10s. 
Intended to cover the basic forms of measurement in the microwave 
region. It deals with laboratory generation, detection and measurement 
of microwave power, discusses impedance concepts and measurement 


of microwave frequencies, including wavelength, frequency, Q and 
Rol Qo. 


GOODMAN, L. L. 658.2 
Man and Automation* 
Harmondsworth, Penguin, 1957. pp. 286. 18 x Ilcm. 3s. 6d. 


The first part of this book reviews the development of automation, 
giving descriptions of some recent applications in industry and com- 
merce. Then the social and economic problems associated with 
automation are reviewed; in this connection the author deals with 
the attitude of the trade unions and management, and the need for 
more technological education. This book was reviewed in the October 
1957 issue. 


HARBOTTLE, H. R., and HANMAN, B. L. G. 

The Principles of Telec ications Engineering Vol. 1* 
London, English Universities Press, 1957. pp. xii, 373. 21 x 14cm. 
17s. 6d. 

This is the first of three volumes and is intended to cover the first year 
syllabus of the City and Guilds Institute’s curriculum in Tele- 
communication Principles. The subsequent volumes will cover the 
second and third year courses. It includes many worked examples and 
problems to be answered from previous examination papers. The 
M.K.S. system is dealt with in an appendix. 


621.39 





KING, G. J. 
F.M. Radio Servicing Handbook 
London, Odhams, 1957. pp. 192. 23 x I5cm. 25s. 


A practical guide to frequency-modulated y.h.f. radio receivers; their 
design, construction, alignment and repairs; with chapters on adaptors, 
aerials and high-fidelity audio equipment. 
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621.396.619 


621.3964 


KING, R. W. P. 


The Theory of Linear Antennas with Charts and Tables for Practig 
Applications* 


Cambridge, Mass., Harvard University Press, 1956. pp. xxi, § 
26 x 17cm. £8. 


A systematic and comprehensive survey of linear antennas includ 
circuit and field properties. Both theoretical and experimental aspeg 
of the subject are treated, and special care has been taken to corre 
theory with experiment. Extensive tables, charts and curves 
included. 


KITTEL, C. 539) 
Introduction to Solid State Physics. 2nd ed.* 


London, Chapman and Hall, 1956. pp xv, 617. 
£4 16s. 


A certain standard in physics is expected of the reader, for exam 
familiarity with the Planck radiation law, the de Broglie relation 

the Zeeman effect; and a background of quantum mechanics wo 
be helpful. Amongst the subjects dealt with are dielectric propertie 
ferroelectric crystals, diamagnetism and paramagnetism, se 
conductors, ferromagnetism, superconductivity, and photoconductiviy 


23 x 15q 


KNOWLTON, A. E. (Editor-in-Chief) 621.31 @ 
Standard Handbook for Electrical Engineers. Prepared by a staff 
Specialists. 9th ed. 

London, McGraw-Hill, 1957. 23 x l6cm. £6 
Revisions to take account of changes in units and in standards 

new developments since the previous edition was published in I 
have been made. Otherwise this well-known work has not be 
altered, and it retains the same style and coverage. 


pp. xi, 2230. 


KOZMETSKY, G., and KIRCHER, P. Sit 
Electronic Computers and Management Control* 
London, McGraw-Hill, 1956. pp. vii, 296. 24 x 1Scm. £1 17s.6 


This is a book for management personnel. It describes in non-technia 
terms the various types of electronic computer equipment, includ 
input and storage devices, how they work and their applications 
business. 


LEDERER, M. 537. 


An Introduction to Paper Electrophoresis and Related Meth 

2nd Impression with Minor Additions 

London, Elsevier, 1957. pp. x, 213. 23 x 15cm. £1 17s. 64 
This is one of the few books on this very specialized subject and is 
limited interest. It is nevertheless an important reference wo 
containing many bibliographical references to the literature of t 
subject. 


LINCOLNE, G. B. 93 : 621.3] 
History of the Electric Light and Power Industry in Victoria 


Published privately in Victoria by the Author, 1957. pp. 3 
33°$ x 21cm. 

Covers a period of approximately 90 years, reviewing very ea 
developments, expansion in the Melbourne city area, the Meé 
politan area and later the State of Victoria. It is an interesti 
account of engineering and commercial progress and although figi 
are extensively quoted it is a very readable story. 


LLOYD’S REGISTER OF SHIPPING 629.1 


Rules and Regulations for the Construction and Classification 
Steel Ships 


London, Lloyd’s Register, 1957. pp. 535. 29 x 


Includes -onstruction rules for electric propelling machinery and 
electrical «quipment. 


25cm. 
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AYERS, M. A., and CHIPP, R. D. 621.397.9 
osed Circuit TV System Planning 

Jew York, Rider, 1957. pp. xii, 250. 27 x 21cm. £4. 

Part I illustrates applications, Part II describes how closed-circuit 

elevision, including colour television, works, and Part III describes 

quipment. The book is extensively illustrated with photographs and 

liagrams. 


OLLOY, E. (Editor) 621.31 (03) 
nes Electrical Pocket Book. 14th ed. 
ondon, Newnes, 1957. pp. viii, 384. 17 x 10cm. 10s. 6d. 


is edition contains a section dealing with the 13th edition of the 
Regulations for the Electrical Equipment of Buildings. 


ORLEY, B. L. 621.396.82 


buppressing Radio and Television Interference* 

ondon, Norman Price, 1956. pp. 64. 22 x 14cm. Ss. 
Describes the causes of interference, the basic principles of suppres- 
ion, and practical steps to locate and suppress the interference. 
farious types of television interference are illustrated. 


URPHY, G. J. 621-52 


Basic Automatic Control Theory 

ondon, Van Nostrand, 1957. pp. xi, 557. 23 x 15cm. £3 7s. 6d. 
Describes the analysis and synthesis of linear control systems having 
bnly fixed, lumped parameters, and subject to input commands and 
listurbances which can be specified. Definitions of terms and the 
haracteristics of common control-system components are followed 
by chapters on the Laplace transform, the transfer-function concept 
nnd signal flow diagrams. Stability, frequency response, time response 
and the use of the analogue computer are considered. 


IKOLA TESLA MUSEUM 081 (TES) 
likola Tesla Lectures, Patents, Articles 
Belgrade, Nikola Tesla Museum, 1956. pp. xx, 802. 28 x 20cm. 


volume to commemorate the centenary of the birth of Nikola Tesla, 
onsisting of reprints of his lectures and articles and copies of the 
mited States Patents bearing his name. The final article is an 
mutobiography originally published in 1915. 


SNOAKES, G. R. 53 


‘ew Intermediate Physics 

ondon, Macmillan, 1957. pp. viii, 961. 22 x 14cm. 30s. 

This work is based on the author’s four previously published textbooks 
pn light, heat, electricity and magnetism, and general physics. A 
hapter has been added on acoustics, and much of the work on light 
and on electricity has been rewritten. The treatment of electricity is 
odern, and the M.K.S. system of units is used. 


PANOFSKY, W. K. H., and PHILLIPS, M. 
lassical Electricity and Magnetism 
Reading, Mass., Addison-Wesley, 1955. 
£3 8s. 
This is not an elementary book. The emphasis is on physical theory 
us evolved from fundamental empirical laws rather than on mathe- 
atics and strict internal logic. Nevertheless, the reader is assumed 
0 be familiar with advanced calculus, differential equations and 
ector analysis and, for the later chapters, with classical mechanics 
0 graduate level. 
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pp. xi, 400. 23 x 16cm. 


PATCHETT, G. N. 621.397.62 
elevision Synchronizing Separators* 
London, Norman Price, 1957. pp. 71. 22 x 14cm. 5s. 


Discusses first the principle of synchronizing; then describes a 

mber of circuits from the simplest to the complex circuits designed 
#0 give satisfactory interlace. Fly-wheel synchronizing circuits are 
dealt with in the final chapter. 


ANUARY 1958 


PENNING, F. M. 537.52 
Electrical Discharges in Gases* 
London, Cleaver-Hume, 1957. pp. viii, 78. 23 x 15cm. 15s. 


This work was originally published in Dutch in 1955. An introduction 
to the subject is followed by chapters on the movement of electrons 
and ions through a gas, the self-sustaining and non self-sustaining arc 
discharge, the Townsend discharge, sparks and lightning, the glow 
discharge, and the positive column. 


PFLEIDERER, C. 621 
Stré 2g: hinen 2te Aufl. (Turbo-machinery. 2nd ed.) 
Berlin, Springer, 1957. pp. xii, 421. 24 x l6cm. £3. 


This is a detailed treatment of the theory and the mechanical features 
of gas and liquid turbomachinery, including steam turbines, centrifugal 
compressors and pumps. 





RADIO RESEARCH LABORATORIES, MINISTRY OF 
POSTAL SERVICES, TOKYO 621.396.11 


Atlas of Radio Wave Propagation Curves for Frequencies Between 
30 and 10000 Mc/s 


Tokyo, Ministry of Postal Services, 1957. pp. 244. 30 x 21cm. 


Standard propagation diagrams in the standard atmosphere, the 
interference region, the diffraction region, behind mountains, and in 
the scattering region. 


ROLF, E. 
Der Kontaktumformer (Contact Rectifiers) 
Berlin, Springer, 1957. pp. ix, 549. 25 x 17cm. £6 15s. 


Both the theoretical and engineering aspects of mechanical rectifiers 
are treated, with particular reference to Continental equipments. 
Design, constructional details, protection, testing and commissioning 
are described, and there is a bibliography. 


621.314.62 


RYDER, J. D. 621.385 
Engineering Electronics with Industrial Applications and Control 
London, McGraw-Hill, 1957. pp. x, 666. 24 x l6cm. £3 12s. 


Specifically excludes the radio field. A general introduction and a 
lengthy consideration of amplifiers are followed by descriptions of the 
principles and basic circuits involved in applications of electronics in 
computers, oscillators for h.f. heating, welding control, servo- 
mechanisms and many other industrial developments. 


SCHUISKY, W. 
Induktionsmaschinen (Induction Machines) 
pp. xii, 501. 25 x 17cm. £7 IIs. 6d. 


A comprehensive study in which the necessary theoretical matter is 
accompanied by practical information. For example, there are useful 
sections on special applications of induction machines, on testing and 
on German standards, also two chapters on design procedure, with 
specimens, a full glossary of symbols used, and a modern bibliography. 
The book will be reviewed in a future issue. 


621.313.3 


Vienna, Springer, 1957. 


SOUTH AFRICAN INSTITUTE OF ELECTRICAL 
ENGINEERS 621.315.3 


Standard Regulations for the Wiring of Premises. 2nd ed. amended 


Johannesburg, South African Institute of Electrical Engineers, 1955. 
pp. vi, 200. 18 x 12cm. 6s. 6d. 


STARR, A. T. 621.31 
Applied Electricity* 
London, Pitman, 1957. pp. x, 502. 22 x 14cm. 25s. 


Covers the syllabus of Applied Electricity for Part I of the B.Sc.Eng.) 
degree of London University and also that for the Higher National 
Certificate. The M.K.S. system of units is used throughout the text. 
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STARR, A. T. 621.39 (03) 


Radio and Television Engineering. 4th ed. 

London, Pitman, 1957. pp. vi, 66. 14 x llcm. 2s. 

This small pocket book gives definitions for a number of terms and 
brief explanation, formulae and circuits, concerning L, C, R, Z, 
resonance and coupled circuits. 


STEPHENS, R. C., and WARD, J. J. 531 
Applied Mechanics 

London, Cleaver-Hume, 1957. pp. xi. 19 x 13cm. 12s. 6d. 
Intended for students preparing for the third year of the Ordinary 
National Certificate course in Mechanical Engineering. 


WATSON, G. O. 629.12 : 621.3 
Marine Electrical Practice* 
London, Newnes, 1957. pp. viii, 325. 22 x 14cm. £1 15s. 


This book is not intended for experienced electrical engineers but for 
sea-going engineers and others studying for Ministry of Transport 
Examinations who are likely to have charge of electrical installations 
in a ship. It deals with generators, motors and their control, with 
batteries, lighting, cables and distribution, with electrically driven 
auxiliaries, and with electrical testing, and there are many illustra- 
tions and diagrams. 


WHITROW, M. (Editor) 014:043 
Index to Theses accepted for Higher Degrees in the Universities of 
Great Britain and Ireland. Vol. IV. 1953-54 

London, Aslib, 1956. pp. xii, 158. 24 x 15cm. 25s. 


WITTS, A. T. 621.396.62 
Radio Upkeep and Repairs. A Practical Handbook on Servicing 
Principles and Receiver Maintenance. 8th ed. 

London, Pitman, 1957. pp. v, 234. 19 x 12cm. 15s. 

This edition contains new chapters on servicing f.m. receivers, 
transistor circuits, and printed circuits. 


OTHER PUBLICATIONS 


ACTON SOCIETY TRUST 

Size and Morale Part I. A Preliminary Study of Attendance at 
Work in Large and Small Units 

London, Acton Society Trust, 1953. pp.44. 22 x 14cm. 3s. 6d. 


Size and Morale Part II. A Further Study of Attendance at Work 
in Large and Small Units 
London, Acton Society Trust, 1957. 


pp. 36. 22 x 14cm. 3s. 6d. 


ASSOCIATION FOR APPLIED SOLAR ENERGY 
Proceedings of the 1957 Solar Furnace Symposium 


Phoenix, Arizona, Association for Applied Solar Energy, 1957. 
pp. 116. 27 x 21cm. £2. 


ASSOCIAZIONE ELETTROTECNICA ITALIANA 

Rendiconti della 57th Riunione Annuale dell’A.E.I., Trieste, 1956. 
Regolazione Automatica e Servomeccanismi. Fascicolo I and II 
Milan, A.E.I., 1957. pp. 101, 456. 30 x 21cm. 


B.B.C. ENGINEERING DIVISION 

The B.B.C. Riverside Television Studios: The Architectural Aspects 
London, B.B.C. Engineering Division, Monograph No. 13, 1957. 
pp..25. 28 xX 22cm. Ss. 


CENTRAL ELECTRICITY AUTHORITY 

The 275kV System of the Central Electricity Authority in the United 
Kingdom. Based on a paper by F. J. Lane, presented before the 
19th Annual Meeting of the American Power Conference, Chicago, 
March 27th-29th, 1957/ 


London, C.E.A., 1957. pp. 28. 
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22 x 14cm. 


DENZER, H. W. 
Die Elektrofischerei (Fishing by Electricity) 


Stuttgart, Nagele u. Obermiller, 1956. pp. 92. 26 x 18cm. 
£2 13s. 9d. 

FIRE PROTECTION ASSOCIATION 

Space Heating 

London, Fire Protection Association, 1957. pp. 16. 22 x 14@ 


Electricity and the Fire Risk in Industrial and Commercial Premi 
London, Fire Protection Association, 1957. pp. 32. 22 x day 


GENERAL ELECTRIC COMPANY LIMITED 


The Transistor. Its Development. Its Application. Its Advantaggy 
How it Works 


London, G.E.C., 1957. pp. 15. 25 x 19cm. 


HEINRICH, R. F., and ANDERSON, J. R. 
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Electroprecipitation. A Reprint from Chemical Engineering Practice 
Vol. 3 


London, Butterworth, 1957. pp. 50. 25 x 15cm. 


INSTITUTE OF COST AND WORKS ACCOUNTANTS AN 
BRITISH PRODUCTIVITY COUNCIL 


Costing Matters. Wages, Machines, Materials, Overheads, Budgy 
tary Control, and Standard Costing 


London, Institute of Cost and Works Accountants and Britis 
Productivity Council, 1957. pp. 48. 21 x 14cm. 2s. 6d. 


KRZHIZHANOVSKY, G., and VEITS, V. 


A Single Power Grid for the U.S.S.R. 


Moscow, Foreign Languages Publishing House, 1957. 
20 x 13cm. 


pp. 4 


MARKIN, A. 

Soviet Electric Power Developments and Prospects 

Moscow, Foreign Languages Publishing House, 1956. pp. 13 
20 x 13cm. 


MAY, K. L. 


| Janus 





Preservation, Inspection and Maintenance of Transmission ori si 
el 


Reprinted from the Record of the 1956 Annual Convention of 
British Wood Preserving Association 


London, British Wood Preserving Association, 
24 x 15cm. 


ORGANISATION FOR EUROPEAN ECONOMIC 
CO-OPERATION 


Production Transmission and Distribution of Electricity in Europe 
Paris, OEEC, 1957. pp.93. 24 x 15cm. 9s. 


PEP (Political and Economic Planning) 
Three Case Studies in Automation 


London, Allen and Unwin, 1957. p. vi, 58. 24 x 15cm. 7s. 6 


PHYSICAL SOCIETY 
Reports on Progress in Physics Vol. XX 


London, Physical Society, 1957. pp. iv, 568. 25 x 17cm. £34 
UNITED NATIONS, ECONOMIC COMMISSION FOR 


EUROPE 
The Mechanization in the Construction of Hydro Electric Pow 
Plants 


Geneva, U.N., 1957. pp. vii, 52. 28 x 22cm. 3s. 


1956. pp. 4 
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Forthcoming Events 


at Savoy Place 


All meetings are held at Savoy Place, beginning at 5.30 p.m. 
(tea at 5 p.m.), except where otherwise stated. The nature of 
the meeting is indicated by the following key: 


cure CEanm 


EDUCATION DISCUSSION CIRCLE 

INFORMAL 

MEASUREMENT AND CONTROL SECTION 
ORDINARY 

RADIO AND TELECOMMUNICATION SECTION 
SUPPLY SECTION 

UTILIZATION SECTION 


After each paper that has now been published is added the 
month that a synopsis has appeared in the Journal under 
‘Monographs and Papers published individually this month’, 
ie. about the time the paper has been published as a separate. 
A paper that has not yet been published will be available at 
least ten days before the meeting at which it will be read. 


January 1958 


m 21 
e @ 
37 
r 28 
s 29 


Qn at February 1958 


t 3 


mM 4 
5 Ss 
0 6 


Tuesday G. F. TAGG, PH.D., B.SC.(ENG.) Informal 
Lecture on ‘The Effect of Modern Industrial Require- 
ments on Electrical Instrument Design’ t 


Wednesday §. ESPING. Lecture on ‘Special Problems 
of Broadcasting in Sweden’ ft 


Monday Informal Evening on ‘An Inquiry into the 
Specification of Transistors’, at which there will be a 
talk given by F. F. ROBERTS, B.SC.(ENG.)T 


Tuesday Symposium of papers on ‘Long-Distance 
Propagation above 30 Mc/s’ (All those attending the 
Symposium are required to register. Full details and 
registration form obtainable from the Secretary.) 
See also p. 34 


Wednesday J. L. DOUGLAS, B.SC.(ENG.) and A. W. 
STANNETT, B.SC.(ENG.) ‘Laboratory and Field Tests 
on 132kV Condenser Bushings’ (Paper No. 2473s) 
Synopsis: December 1957 


Monday Visit to Power Gallery of the Science 
Museum, South Kensington, S.W.7 (At 6.15 p.m., 
tea at 5.15 p.m.) 


Tuesday (In conjunction with the British Nuclear 
Energy Conference) J. H. BOWEN, B.SC.(ENG.) and 
E. F. O. MASTERS, B.SC. “Temperature Transients in 
Gas-Cooled Thermal Nuclear Reactors’ (Paper 
No. 2422 m) Synopsis: October 1957 


W. ABSON, B.SC., P. G. SALMON and S. PYRAH ‘Boron- 
Trifluoride Proportional Counters’ (Paper No. 
2542 mM) and ‘The Design, Performance and Use of 
Fission Counters’ (Paper No. 2546 m) 


J. HOWLETT, B.SC., PH.D. ‘The Application of Digital 
Computers to Nuclear-Reactor Design’ (Paper 
No. 2507 Mm) Synopsis: see p. 33 


Wednesday Section Dinner-Dance (At the Connaught 
Rooms, at 7 for 7.30 p.m.) 


Thursday H. W. MELVILLE, D.SC., F.R.S. Kelvin Lecture 
on ‘High Polymers’ t 


)JANUARY 1958 





US 


10 


12 


13 


18 


19 


26 


27 





Monday €. R. WILKINSON, C.M.G., will open a dis- 
cussion on ‘The Herbert Report and the 1957 Act’* 


Wednesday G. H. FLETCHER, 0.B.E. The Faraday 
Lecture: ‘The Electrification of the British Railways’ t 
(At the Central Hall, Westminster, S.W.1, at 6 p.m. 
Admission by ticket available on receipt of a 
stamped addressed envelope) 


Thursday B. C. ROBINSON, PH.D., M.SC., and A. I. 
WINDER ‘Supply-Voltage and Current Variations 
produced by a 60-ton 3-Phase Electric Arc Furnace’ 
(Paper No. 2456 U) Synopsis: December 1957 


Tuesday C. D. MEE, PH.D. ‘Magnetic Tape for Data 
Recording’ (Paper No. 2536 M) Synopsis: see p. 34 
(To be read by J. F. Doust) 


Wednesday L. C. JESTY, B.SC. “The Relation between 
Picture Size, Viewing Distance and Picture Quality 
with special reference to Colour Television and to 
Spot-Wobble Techniques’ (Paper No. 2540 r) 


Monday Informal Evening on ‘Stereophonic Re- 
cording on Gramophone Discs’ at which there will 
be a talk given by H. A. M. Clark, B.sc.(ENG.)T 


Wednesday P. RICHARDSON ‘Design and Application 
of Large Solid-Rotor Asynchronous Generators’ 
(Paper No. 2492 s) Synopsis: see p. 33 


Thursday Annual Dinner (At Grosvenor House, 
Park Lane, W.1, at 7 for 7.30 p.m.) 


March 1958 


E 


4 


10 


il 


Tuesday K. R. STURLEY, PH.D., B.SC., will open a 
discussion on ‘Some Impressions of Technical and 
Industrial Training in the United States’* (At 6 p.m., 
tea at 5.30 p.m.) ‘ 


Thursday ¥. BUSEMANN, DR.ING., and W. CASSON 
‘Results of Full-Scale Stability Tests on the British 
132kV Grid System’ 


F. H. LAST, PH.D.(ENG.), B.SC.(ENG.), E. MILLS, and 
N. D. NORRIS “The Organization for Large-Scale 
Grid System Tests’ (Paper No. 2559) 


Monday MISCHA BLACK, 0.B.E., will open a discussion 
on ‘The Industrial Designer—an Ally or Enemy of 
the Engineer ?’* 


Tuesday H. BLOMBERG, D.SC., and P. J. KARTTUNEN 
‘A Ferrometer for the Determination of the A.C. 
Magnetization Curve and the Losses of Small 
Ferromagnetic Sheet Samples’ (Paper No. 2482 m) 
Synopsis: see p. 37 (To be read by Professor F. 
Brailsford, PH.D., B.SC.(ENG.)) 


J. MCFARLANE, B.SC., P. MILNE, and J. K. DARBY, 
B.SC.(ENG.) ‘Direct-Reading Iron-Loss Testing Equip- 
ment for Single Sheets, Single Strips and Test 
Squares’ 


J. MCFARLANE, B.SC., and M. J. HARRIS, B.SC. “The 
Control of Flux Waveforms in Iron Testing by the 
Application of Feedback Amplifier Techniques’ 


* No advance information will be available and no Press report will 
be permitted. 

+ An abstract will be available in advance. 

¢ No advance information will be available. 
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British Nuclear Energy Conference: 
Forthcoming Programme 


Forthcoming meetings of the British Nuclear Energy Con- 
ference are listed in the programme below. Unless otherwise 
stated, the following particulars hold for them: they take the 
form of the presentation and discussion of one or more papers; 
they are held at 5.30 p.m., with tea at 5 p.m.; and tickets of 
admission are not required. 


JANUARY 21 Tuesday 
SYMPOSIUM ON NUCLEAR ENERGY 


Sponsoring society: The Institution of Chemical Engineers, 


16 Belgrave Square, London, S.W.1. 


Place of meeting: Hoare Memorial Hall, Church House, 
London, S.W.1. There will be two sessions, at 9.45 a.m. and 
at 2 p.m. Tickets of admission are required; those who have 


not previously registered will probably be able to do so at 


9.30 a.m. on the 21st January, but the numbers attending the 
Symposium are limited to 500. Registration forms and further 


details are obtainable from The Secretary of The Institution 
of Chemical Engineers. 
Morning Session 
(Chairman: Sir John Cockcroft, 0.M., K.C.B., C.B.E., F.R.S.) 
9.45 Opening of the Symposium 
9.50 Presentation of the following papers: 


COMMISSIONING AND OPERATION OF ‘A’ 
works H. G. Davey, 0.B.E., M.SC. 


STATION CALDER 


THE DEVELOPMENT OF THE BUTEX PROCESS FOR THE INDUSTRIAL 
SEPARATION OF PLUTONIUM FROM NUCLEAR REACTOR FUELS 
C. M. Nicholls, B.sc.(ENG.) 





Contents of the Current Issues of the Proceedings 


The date in italics is that of the Journal review or special article. Where 
given, the date in small capitals refers to the month in which a paper 
was published individually. 


PART A. POWER ENGINEERING (DECEMBER 1957) 
See the Journal for December 1957, p. 662. 


PART B. RADIO AND ELECTRONIC 
ENGINEERING (JANUARY 1958) 


T. E. GOLDUP, C.B.E. 
Inaugural Address January 1958 


J. S. MCPETRIE, PH.D., D.SC. 


Radio and Telecommunication Section: Chairman’s Address 
November 1957 


Centre and Sub-Centre Chairmen’s Addresses 


R. W. MEADOWS, B.SC.(ENG.). PAPER NO. 2427 R 

The Attenuation of Radio Waves Reflected from the E-Region of the 
Ionosphere December 1957 

R. W. MEADOWS, B.SC.(ENG.), AND A. J.G. MOORAT. PAPER NO. 2428 R 
The Effect of Fading on the Accuracy of Measurement of Ionospheric 
Absorption January 1958 

R. W. MEADOWS, B.SC.(ENG.), AND A. J.G. MOORAT. PAPER NO. 2429 R 


The Effect of the Earth’s Magnetic Field on Absorption for a Single- 
Hop Ionospheric Path January 1958 


46 


Morning Session (contd.) 


10.50 FISSION PRODUCT DISPOSAL K. Saddington, M.sc. 

11.10 Discussion 

12.30 Lunch 

Afternoon Sessicn 
(Chairman: Sir Hugh Beaver, K.B.E.) 

2.00 A film entitled Criticality 

2.20 Presentation of the following papers: 
NUCLEAR CRITICALITY : A NOVEL FACTOR IN THE DEVELOPMal 
OF PROCESSES, AND THE DESIGN AND OPERATION OF PLij 
C. M. Nicholls, B.sc.(ENG.), and A. H. C. P. Gillies 
B.SC., PH.D. ’ 
THE MARCOULE PLUTONIUM PLANT R. Galley 
FUEL PROCESSING IN HOMOGENEOUS AQUEOUS REA\ 
I. Wells, B.sc., D.1.c., and E. Lofthouse, M.SC., PH.D. 
COMPUTATION OF THE PERFORMANCE OF A MULTI-COMPO 
SOLVENT EXTRACTION SYSTEM: SEPARATION OF URANIUM 
PLUTONIUM FROM FISSION PRODUCTS BY TRIBUTYL PHOSPH4 
J. A. Williams, B.sc., and J. T. Wood, PH.D. 

3.40 Tea 

4.0 Discussion 


5.20 End of Session 


FEBRUARY 4 Tuesday 








Sponsoring society and place of meeting: The Institution 
Electrical Engineers, Savoy Place, London, W.C.2. 
A group of papers on 
INSTRUMENTATION AND DESIGN PROBLEMS§ 
OF NUCLEAR REACTORS 


See p. 45 for details. 


J. O. SPECTOR, PH.D. PAPER NO. 2430R 

An Investigation of Periodic Rod Structures for Yagi Aerials 
October 1957 

F. J. HYDE, M.SC. PAPER NO. 2438R 

Some Measurements on Commercial Transistors and their Relatia 
to Theory Not yet reviewed 


PROFESSOR H. E. M. BARLOW, PH.D., B.SC.(ENG.), AND S. KATAOK# 
PAPER NO. 2450R 





The Hall Effect and its Application to Power Measurement at 10 
January 1958 

J. J. HILL, B.SC. PAPER NO. 2461 M 

A Precision Thermo-Electric Wattmeter for Power and Audio 
Frequencies January 1958 

P. N. ROBSON, B.A. PAPER NO. 2468 R 

A Note on the Fourier Series Representation of the Dispersion C 
for Circular Iris-Loaded Waveguides January 1958 

G. B. WALKER, M.A., PH.D., AND J. T. 
NO. 2480 R 


The Use of Dielectric Materials to Enhance the Reflectivity of 
Surface at Microwave Frequencies January 1958 


HYMAN, B.SC.(ENG.). P 


J. A. LANE, M.SC. PAPER NO. 2488 R 


Transverse Film Bolometers for the Measurement of Power in 
Rectangular Waveguides January 1958 


PART C. MONOGRAPHS (SEPTEMBER 1957) 
See the Journal for September 1957, p. 525. 
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ANNOUNCEMENTS TO MEMBERS 









THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS RECEIVED TO 
20TH DECEMBER 1957 





No. of 

Contributors 2... o a 

—_ £1000 and over 6 6000 0 0 

OF PLA £100 to <£1000 30 6586 3 0O 

Gilli £5 to < £100 839 8959 17 1 

£2 to <£5 2023 5530 7 il 

Under £2 22036 11516 2 7 

REACT iinmeneinmaete 

iD. £38592 10 7 
OMPONE 


vol PROGRAMME OF MEETINGS 


*HOSPHA 
The programme card of London Meetings for the second half 
of the session is being sent with this issue to all members not 
residing within the area of a Local Centre or Sub-Centre. 
Any member living in the provinces who often visits 
London, and is thus able to attend London Meetings, may 
obtain a copy of the card on application to the Secretary. 


THE FARADAY LECTURE IN LONDON 


i The Faraday Lecture will be delivered by Mr. G. H. 
Fletcher,* 0.B.E., MEMBER, at the Central Hall, Westminster, 
on Wednesday, 12th February, at 6 p.m., his subject being 
LEM ‘The Electrification of the British Railways’. 

The primary object of the Faraday Lecture is to increase 
the interest of the general public in electrical matters, particu- 
larly those having an immediate bearing on the life of the 
community; members are therefore requested to bring the 
~~} Lecture to the notice of their friends. 

Admission is free, by ticket obtainable from the Secretary; 
members are requested to enclose a stamped addressed 
envelope with their applications. 


tution 


Is 
APPOINTMENTS 

WIRING REGULATIONS COMMITTEE: SUB-COMMITTEE NO. 7— 
Relate; CARAVAN INSTALLATIONS 


On the nomination of the Air Ministry, the Council have 
-ATAOKS appointed Mr. A. Benjamin, ASSOCIATE MEMBER, tO serve on 
the above Sub-Committee in place of Mr. N. Holcroft, 
ASSOCIATE MEMBER 





: EXTRA-MURAL COMMITTEE ON THE APPLICATION OF 
- ELECTRICITY TO INDUSTRIAL PROCESS HEATING 


On the nomination of the Department of Scientific and 
Industrial Research, the Council have appointed Mr. R. 
Ashton, M.A., to serve on the above Committee in place of 
Mr. R. C. Silversides. 


nc 


ity of SUPPLY SECTION DINNER-DANCE 


The annual Dinner-Dance of the Supply Section will be held 
in the Grand Hall at the Connaught Rooms, Great Queen 
in Street, London, W.C.2, on Wednesday, 5th February, 1958, 
at 7 for 7.30 p.m. Application forms were enclosed to all 
members of the Section with last month’s issue. 


* At the time of going to press, news has been received of Mr. Fletcher’s sudden 
death. Arrangements have been made for his Faraday Lecture to be given by 
Mr. R. Ledger, B.Sc.Tech., Associate Member. 
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MEMBERS TRAVELLING TO AND FROM 
THE UNITED KINGDOM 


Members visiting or taking up residence in the areas of any 
of the Oversea Branches, Oversea Committees or Joint Over- 
sea Groups, which are listed on pp. 65 and 66, are invited to 
apply to the Secretary of The Institution for a letter of intro- 
duction to the appropriate Honorary Secretary. 

The Secretary will be obliged if members coming home from 
oversea will inform him of their addresses in this country, 
even if they do not desire a change of address to be recorded 
in the Institution register. This will enable him to advise 
such members of the various meetings, etc., of The Institution 
and its Local Centres, and, when occasion arises, to put them 
in touch with other members. 

The Secretary will be pleased if those members from oversea 
who are able to visit the Institution premises will call 
upon him. 


BRITISH CONFERENCE ON 
AUTOMATION AND COMPUTATION 
CONSTITUTION OF GROUP B 

Some particulars of the British Conference on Automation 
and Computation and its objects were given on p. 300 of the 
May 1957 issue of the Journal. On the 20th December 1957 
Group B, known as ‘The British Group for Computation and 
Automatic Control’, was formally constituted, with the 
following societies as its members: 

British Computer Society 
Chartered Institute of Secretaries 
Chemical Society 


Faculty of Actuaries (Scotland) 
Institute of Actuaries 


Institute of Petroleum 

Institute of Physics 

Institution of Civil Engineers 
Institution of Electrical Engineers 
Institution of Mechanical Engi- 


Institute of Bankers neers 

Institute of Chartered Accountants Institution of Production Engi- 
in England and Wales neers 

Institute of Chartered Accountants Iron and Steel Institute 
in Scotland Office Management Association 

Institute of Cost and Works Royal Aeronautical Society 
Accountants Royal Institute of Public Admini- 


stration 
Royal Statistical Society 
Society of Instrument Technology 
The Group constitution provides for the election of addi- 
tional member societies: those interested should communicate 
with the Honorary Secretary, B.C.A.C., Group B, c/o The Insti- 
tution of Electrical Engineers, Savoy Place, London, W.C.2. 
The complete text of a Press notice about the Group B 
meeting on the 20th December will be published in next 
month’s issue. 


Institute of Fuel 
Institute of Municipal Treasurers 
and Accountants (Incorporated) 


HARWELL REACTOR SCHOOL 


The Harwell Reactor School is increasing the number of 
courses which it holds each year. In 1958 there will be four 
standard courses and two courses for senior technical execu- 
tives. The dates of the standard courses are: 13th January to 
8th May; 14th April to Ist August; Ist September to 23rd 
December; and 27th October to 20th February, 1959. The 
dates of the senior technical executives’ courses are 12th May 
to 22nd May, and 22nd September to 2nd October. 

The latest date for applications is three months before 
each course begins. Further details may be obtained from 
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The Principal, Reactor School, Atomic Energy Research 
Establishment, Harwell, Didcot, Berkshire. 


A WORLD TOUR BY THE PRESIDENT 
MARCH-APRIL 1958 

The President, together with the Secretary and Mrs. Brasher, 
will be leaving London by air on the 28th February 1958, the 
day after the Annual Dinner of The Institution, to attend the 
Commonwealth Engineering Conference in Australia and the 
Conference of Engineering Societies of Western Europe and 
the United States of America (EUSEC) in New York. Their 
first stop will be Baghdad, where on the Ist March a meeting 
of members of the Iraq and Persian Gulf Joint Oversea Group 
is being arranged. They may also meet members of the Group 
at Basra or Kuwait, but this depends on air services available 
at the time. Under present arrangements they depart from 
Basra on the 5th March, though the date may be changed if 
additional air services are introduced. Their flight takes them 
to Karachi, and then on to Bombay, where they arrive in the 
early hours of the 6th March. 

The President and the Secretary had originally planned that 
they would both meet members in Bombay and Colombo, 
but the available air services have made it necessary for them 
to separate. The President will remain in Bombay until the 
afternoon of the 9th March, while the Secretary goes on to 
Colombo. They join forces again in Calcutta. 

During his stay in Bombay Mr. Goldup will visit members 
of the Bombay Oversea Committee, who are arranging a 
fuction at which he will be able to meet the general body of 
local members. Similar arrangements are being made in 
Colombo for the Secretary to meet the Branch Committee 
and local members, and for him to meet officers of The 
Institution of Engineers, Ceylon. He leaves Colombo early 
in the morning of the 8th March, and after a night stop in 
Madras, rejoins the President in Calcutta on the 9th March, 
for a two-day visit to the city. 

The Council’s Oversea Representative for India, in con- 
junction with the Calcutta Branch Committee, is arranging 
meetings in Calcutta, at one of which it is hoped that local 
members of The Institution of Engineers, India, will also 
be present. 

The representatives of The Institution of Mechanical 
Engineers who are attending the Conferences will be in 
Calcutta on the same dates, and the two parties, the Mechani- 
cals’ and our representatives, fly together to Singapore on the 
11th March; after a short stop there, they fly on to Kuala 
Lumpur, where they will meet the representatives of The 
Institution of Civil Engineers. A three-Institution function is 
being arranged in Kuala Lumpur by the Committee of the 
Singapore/Malayan Joint Oversea Group. The whole party— 
Civils, Mechanicals, Electricals—will probably travel to 
Singapore again on the Friday, and a function for local 
members will take place in Singapore before the representa- 
tives leave for Australia on the Sunday evening. 

Meetings of the Commonwealth Engineering Conference 
will take place in Melbourne, Sydney and Canberra. Arrange- 
ments are being made for the President and Secretary to meet 
local members in Melbourne and Sydney, where there are 
Oversea Committees. At one time they hoped that they would 
be able to visit other Oversea Committees and members in 
Australia, but the tight programme for the Conference now 
makes this unlikely. 

On or about the 5th April, the whole party of representatives 
will be travelling to New Zealand: they will be visiting 
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Christchurch, Wellington and Auckland, and there will 
opportunities in each place for members to meet the Presida 
and Secretary. On the 17th April, the party departs 
Vancouver; a day will be spent in Honolulu en route. 

The President hopes to be able to meet members in 
couver, where he will be staying for about two days. He 
the Secretary move on by train to Calgary, probably on 
22nd April. From there they fly to Toronto, arriving prob 
on the 24th April, and a meeting with members the 
planned for the 25th April. The next day they fly to New 
for the EUSEC Conference beginning on the 28th April. 

The President will return to England a few days after 
end of the Conference, but if other engagements permit, 
Secretary may stay on to attend the Annual Meeting of th 
Engineering Institute of Canada in Quebec. 


THE BENEVOLENT FUND 
The Court of Governors are pleased to acknowledge contriby§ 
tions to the Benevolent Fund totalling £4, sent by ang! 
anonymous donor. 





few 
THE INSTITUTION OF ENGINEERS, = 
INDIA 
An invitation has been received from the Council of Th 
Institution of Engineers, India, for members who may be is 
India at the time to take part in the 38th Annual Gener 
Meeting of The Institution, which will be held in Lucknow 
from the 15th to 18th February, 1958. Further details of th 
programme, which includes a study tour of engineerin 
projects in Uttar Pradesh, can be obtained from the Secretany, 
the Oversea Representative of the Council for India, or Th 
Institution’s Honorary Secretaries in Calcutta, Bombay an 
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SYMPOSIUM ON ELECTRONIC taken 
WAVEGUIDES Sin 
The Microwave Research Institute of the Polytechnic Instit had a 
of Brooklyn, in conjunction with the Institute of Radi the s 
Engineers, is holding a Symposium on Electronic Wavegui at Ce 
from the 8th to 10th April 1958, in the Engineering Societieg ‘¥° ! 
Building in New York. The symposium will cover the inter Astro 
action of electromagnetic fields and electron or plasma beams Bridg 
in electronic waveguides, which are taken to include open ané = 
closed waveguide regions where there may be relative motion lucid! 
between electromagnetic waves and charge particles. and ¢ 
tentative programme is divided into five sections: Fun resolv 
mental Progress Reports; Mode Theories; Noise Theories; to be 
Space Charge Waves in Open and Closed Systems; and Pl Jodre 
Waves. The final programme will undoubtedly contain other Mr. F 
topics, depending on the interests of the participants. Th by th 
symposium is open to anyone interested, and those who wall meng 


further information about it should approach The Secretary, , 
Symposium Committee, Microwave Research Institute, = 


55 Johnson Street, Brooklyn 1, New York. dimer 
orbits 

— = =— —~# remai 
OVERSEA ATTENDANCE REGISTER At 


During the period 16th November to 15th December | of qu 
following members called at the Institution building and 
signed the Attendance Register of Oversea Members: 


APTE, B. M. (Bombay) MACDONALD, A. N. (Montreal) 
GATES, W. A. S. (Sydney) MELVILLE, D. H. (Dallas, Texas) § this t 
GRANT, J. C. (Nairobi) RETTIE, R. S. (Ottawa) tuni 
HEAD, S. (Basrah, Iraq) SLOANE, R. W. (Beirut, Lebanon) unity 
KATZELIS, N. G. (Nicosia, Cyprus) new 
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: * Dae TO a" 
A few of those at the Dinner of the Rugby Sub-Centre, including 
the Chairman, Mr. W. J. Carfrae, and the President 


CAMBRIDGE RADIO AND 
TELECOMMUNICATION GROUP 


The Cambridge Radio and Telecommunication Group 
welcomes visitors at nearly all its meetings, and at a well- 
attended meeting on the 3rd December 1957 some twenty 
members of the Group were joined by over twice as many 
visitors to hear Mr. Martin Ryle, himself a member of the 
Group, talk about the new Mullard Radio Astronomy 
Observatory. The meeting was held at the Cavendish, and in 
the unavoidable absence of Mr. N. C. Rolfe the chair was 
taken by Capt. N. Hiller. 

Since the talk had been first arranged, the Russian satellites 
had appeared in the sky, and Mr. Ryle was asked to enlarge 
the scope of his lecture to include some account of work 
at Cambridge in tracking them. The lecture thus fell into 
two parts: first, a short description of the Mullard Radio 
Astronomy Observatory now nearing completion at Lord’s 
Bridge, about five miles from Cambridge; and secondly, a 
report of work at Cambridge on the satellites. The speaker 
lucidly explained the principles of interferometer instruments 
and of the system of ‘aperture synthesis’, which allows the 
resolving power and the collecting area of a radio telescope 
to be increased without a large reflector such as that used at 
Jodrell Bank. In speaking of the observations on the satellites, 
Mr. Ryle kindled in his audience some of the enthusiasm felt 
by the Cambridge radio astronomers in the early days of each 
satellite, when the transmissions were still being received and 
both interference and Doppler measurements on them were 
possible. To those of us who think in two rather than three 
dimensions, the investigation of the elements of the satellites’ 
orbits from the rather tenuous radio observations seemed a 
remarkable piece of expertise. 

At the end of his talk Mr. Ryle kindly answered a number 
of questions, chiefly about the Russian satellites, and when 


, C the audience had satisfied their curiosity Captain Hiller closed 


the meeting by warmly thanking the speaker. Members in 
Cambridge were fortunate to have the privilege of hearing 
this talk; we must indeed hope that there will be an oppor- 
tunity in the future for Mr. Ryle to describe the work of the 
new observatory to an audience at Savoy Place. 
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NEWS from the Centres 








RUGBY SUB-CENTRE 


Setting a Standard 


At the first Annual Dinner of the Rugby Sub-Centre on the 
21st November we had the great honour of the President’s 
company, which undoubtedly ensured the success of the 
function, especially since each member had the pleasure of 
being personally welcomed by the President on his arrival. 
We were also pleased to see that Mr. T. E. Goldup was 
accompanied by Mr. W. K. Brasher. 

Also present at the Dinner were the Member of Parliament 
for the Rugby Division of Warwickshire, His Worship the 
Mayor of Rugby, the Chairmen and Secretaries of the South 
Midland Centre and North Staffordshire Sub-Centre and 
the Chairmen of their Graduate and Student Sections. The 
speeches were excellent, and it was with reluctance that the 
cheerful gathering broke up at about 10.45 p.m. It was 
considered by all present that this successful first effort has 
set a standard for the years to come. R. W. R. 


CHESTER: MERSEY AND NORTH WALES 
CENTRE 


Mr. T. E. Goldup began his series of Presidential visits to the 
Centres on the 11th November 1957, when he attended the 
Annual Dinner of the Mersey and North Wales Centre held 
at the Grosvenor Hotel, Chester, under the chairmanship of 
Mr. T. Makin. 

On this occasion he replied to the toast of “The Institution’, 
proposed by Lt.-Gen. Sir Otway Herbert, G.O.C. Western 
Command. Sir Otway discussed the significance of the 
Russian satellite and paid tribute to the importance of 
scientific and electrical services in the modern Army. He 
humorously recounted how, on his recent transfer of 
residence to this area, he had been informed that his domestic 
installation had been condemned by Manweb. We vividly 
pictured his indignation as he inquired the identity of ‘this 
man Webb’, but the General admitted that in the end this was 
a battle he lost. 

Responding, Mr. Goldup emphasized the importance of 
the continuing and increasing flow of technologists and 
indicated the efforts of The Institution towards achieving this 
object. 

The distinguished guests included Mr. F. Hart Davies, 
Deputy Mayor of Chester, Dr. J. E. Taylor, Mr. W. K. 
Brasher, representatives of kindred Institutions and Societies, 
and the Chairmen of several of our own Centres and Sub- 
Centres. Their health was proposed most ably and humo- 
rously by Professor J. M. Meek. 

In his reply Dr. Taylor referred graciously to his industrial 
association with Mr. Makin, and from his further remarks we 
gathered that he understood the Centre was based on Chester! 
Bearing in mind the presence of Mr. T. Coates and remem- 
bering his oft-expressed convictions on the subject, one could 
conclude quite fairly that Dr. Taylor had been subjected to 
‘treatment’. 

The Annual Dinner-Dance is to be held on the 20th March 
1958 at Hulme Hall, Port Sunlight. E. W. A. 
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NORTH STAFFORDSHIRE SUB-CENTRE 


Chairman’s Address 


The first meeting of the session was held at Stoke-on-Trent 
on the 14th October 1957. The Chairman, Mr. A. T. Chadwick, 
formally welcomed Mr. L. Haywood as a Corporate Member 
and then introduced and welcomed Mr. L. L. Tolley, Chair- 
man of the South Midland Centre, and Mr. G. F. Peirson and 
Mr. H. J. Gibson, also of the South Midland Centre. Mr. 
Tolley said he was very pleased to be present at the start of 
the tenth session of the Sub-Centre and commented on its 
continued progress and growth of membership. He referred 
to the present electrical industrial revolution and the great 
changes in the way people work and live, which was being 
brought about by the continually developing electrical 
equipment available. While engineers should continue such 
development, he thought they should also study, and take a 
broader interest in, the effects these developments are likely 
to have. 

Mr. Chadwick thanked Mr. Tolley for his remarks and 
then invited Mr. H. A. P. Caddell to deliver his Chairman’s 
Address on Factors affecting the Efficiency of the Retail 
Distribution of Electricity. Mr. Caddell dealt in detail with 
the technical, economic, and human factors which had to be 
considered in order to attain the highest efficiency. In pro- 
posing a vote of thanks, Mr. R. W. Palmer said that most 
people thought the distribution engineer had a fairly simple 
job, but Mr. Caddell had given a clear insight into the amount 
of technical work and the human interest involved. As this 
island had the greatest telephone density and probably the 
greatest distribution density in the world, he was sure that if 
an atom bomb exploded or other such calamity occurred 
there would be enough wire in the country to hold it together. 

Mr. Caddell expressed thanks for his election as Chairman 
and said it would be his privilege and pleasure to make every 
contribution possible to the well-being of the Sub-Centre. 
He thanked Mr. Chadwick for the leadership and wisdom 
displayed during his chairmanship and expressed everyone’s 
regret that he had been called away for so long during his 
term of office. Mr. Tolley presented a copy of The History of 
The Institution to Mr. Chadwick as a memento of his year of 
office. In his acknowledgment, Mr. Chadwick said it was a 
long time since he last received a book prize; it had been one 
by Charles Dickens, and it had put him off Dickens ever 
since. 

In conclusion, members were reminded of the advantages 
of membership of the specialized sections. The proceedings 
were followed by refreshments and a conversazione. 


Rectifier Locomotives 


At the meeting at Stafford on the 28th October, under the 
chairmanship of Mr. H. A. P. Caddell, two closely related 
papers were read: Electrical Equipment for Rectifier Loco- 
motives by H. B. Calverley, E. A. K. Jarvis and E. Williams, 
and Circuit Calculations for Rectifier Locomotives and Motor 
Coaches by T. E. Calverley and D. G. Taylor. The first paper 
was read by Mr. H. B. Calverley and the second by Dr. T. E. 
Calverley; Mr. D. G. Taylor assisted in replying to the 
discussion. The papers gave a most interesting survey of this 
topical subject, the first discussing the various ways in which 
the characteristics of transformers, rectifiers, d.c. motors and 
control systems can be chosen to form a complete equipment, 
and the second indicating the limitations of present theory 
when applied to the large single-phase rectifiers now required, 
and describing a new approach to their problems. 
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The discussion was opened by Mr. K. Phillips and rangeg 
over many aspects of the problems involved, but shortage of 
time prevented more than five members from speaking 
Mr. R. W. Palmer proposed a vote of thanks to the autho, 
and congratulated them on dealing so adequately with a 
interesting but rather difficult subject. 


Under New Management 

The Joint Annual Dance was held at the Crown Hotel, Stone. 
on the 22nd November. In past years the arrangements fo, 
the Dance were made by the Sub-Centre Committee, but o 





this occasion everything was left in the hands of the Graduate 
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and Student Section Committee, who, while broadly following§ on the 
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the same lines, introduced a few innovations of their own§ alicoc 
It is not known whether this was the cause, but it was grati-§ incider 
fying to see a larger proportion of Graduates and Students discuss 


attending. This has now become firmly established as ‘Ladies 
Night’ and the function takes the form of a very friendly and 
enjoyable social evening. It was pleasant to have the Chairman 
of the South Midland Centre, Mr. L. L. Tolley, and Mr. 
Tolley with us on this occasion. Prizes won in the vey 
amusing elimination dances were graciously presented by 
Mrs. Caddell. Mr. Caddell, Sub-Centre Chairman, congratv. 
lated the Graduate and Student Section Committee and¢ 
thanked their Chairman, Mr. A. Davies, who acted as Master 
of Ceremonies, and all who had helped to ensure a most 
successful evening. L. 6. 


SCOTTISH CENTRE 


A Small World... 


The Annual Dinner-Dance of the Scottish Centre was held in 
Glasgow on the 19th November, when a record number of 
almost 300 members and guests assembled under the chairman 
ship of Mr. E. O. Taylor. The chief guest was Mr. Andrew 
Stewart, Controller of the B.B.C. in Scotland, who, in pro 
posing the toast to The Institution, referred to the close ties 
between The Institution and the enginecring staff of the 
B.B.C. The President of The Institution, whom we were very 
glad to welcome to Glasgow, replied in a delightful and 
amusing speech which set a suitably light-hearted standard 
for the evening. In handing over the Hutchison-Winning Golf 
Trophy, won this year by Mr. P. McNee, Mrs. Taylor referred 
not only to golf-widows but also to ‘amp-widows’, resulting 
from the increasing scope of Institution and other electrical 
activities. The toast to the guests was proposed by Dr. A. J. 
Small, of the University of Glasgow and Chairman of the 
South-West Scotland Sub-Centre, and replied to by Professor 
J. Small, of the same university and President of The Institu- 
tion of Engineers and Shipbuilders in Scotland. Mr. R. J. 
Rennie, Senior Vice-Chairman, brought the formal pro- 
ceedings to a close by proposing a toast to the Chairman, 
after which dancing was enjoyed until midnight. 


... and a Large Country 

The first of this session’s District Meetings was held at 
Inverness on the 21st November, when Mr. R. J. Rennie read 
the paper prepared by himself and Mr. J. S. Pickles on thei 
Visit to Russia. In the absence, due to illness, of Professor 
E. G. Cullwick, Chairman of the North Scotland Sub-Centre, 
the proceedings were opened under the chairmanship of 
Mr. W. O. Fowlie, who welcomed to the meeting Mr. E. 0. 
Taylor, the Centre Chairman, and invited him to take the 
chair for the evening. In accepting this, Mr. Taylor referred 
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to the especial need for District Meetings in such a widespread 
area as that of the Scottish Centre, and expressed the hope 
that, in view of the success of the Inverness meetings (seventy- 
nine persons being present on this occasion), it would be 
possible to hold others even farther afield. The lecture and the 
coloured slides taken mainly by Mr. Rennie himself, the 
Russian film of the visit and the discussion were much 
enjoyed by those present, and the thanks of the Centre were 
expressed to Mr. J. S. Oliver, who made the local arrangements. 


Fiery Meeting 

A District Meeting was held for the first time in Dunfermline 
on the 27th November, the chair being taken by Mr. W. T. 
Allcock. Mr. L. Gosland read his paper on Age and the 
Incidence of Fires in Electrical Installations. The subsequent 
discussion raged for a considerable time and had finally to 


ORDINARY MEETING 


The Willis Jackson Report 


A committee, under the chairmanship of Dr. Willis Jackson, 
was constituted in the autumn of 1956, ‘to consider in the 
light of the White Paper on Technical Education [published 
in February 1956] the supply and training of full-time and 
part-time teachers for technical colleges, and to make 
recommendations’. The Report of the Willis Jackson Com- 
mittee was discussed at the Ordinary Meeting held on the 
7th November 1957, which was attended by, among others, 
the Minister of Education, Mr. Geoffrey Lloyd. 

The Report was complementary to the White Paper, which, 
in summary, recommended means for providing: 


(a) An increase to 15000 from the 1955-56 figure of 9500 in the 
annual output of students from advanced courses, visualized 
mainly as full-time and sandwich courses. 

(6) An increase to 700000 from the 1955-56 figure of 355000 in 
the number of students attending part-time day courses 
during working hours. 


The building programme to achieve these objects will cost 


‘Habout £100m; student-hours of teaching will be increased 


about 50 per cent over the figure for the 1955—56 session, but 
these improved facilities are dependent ultimately on the 
‘eaching staff available. 

In the 1955-56 session there were about 11000 full-time 
teachers, not including 391 Principals and Vice-Principals, 
and some 40000 part-time teachers. The increase, during the 
preceding three years, of full-time and part-time teachers, was 
770 and 2000 per annum respectively. This is an encouraging 
increase, but quite insufficient for future needs. An increase 
is required of full-time teachers from 11500 in 1955-56 to 
18600 in 1960-61, and of part-time teachers from 39000 to 
47000—increases of 64 per cent and 20 per cent respectively. 
The greater increase in the number of full-time teachers is 
due to the increasing emphasis of full-time and sandwich- 
course work and the extension of part-time day as against 
evening study. 

The more difficult aspect of the problem is to increase the 
number of full-time teachers, since making good the annual 
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be extinguished by the Chairman in order to enable the 
author to catch his train. The meeting was attended by 
thirty-seven members and visitors, many of the latter being 
from the Dunfermline and District Electrical Society, of 
which Mr. Allcock is President. 


Kelvin Lecture goes Home 


At Edinburgh on the 3rd December, Dr. W. B. B. M. 
Sutherland delivered, before a very appreciative audience, his 
1957 Kelvin Lecture on Infra-Red Radiation. In introducing 
Dr. Sutherland, Mr. E. O. Taylor, the Centre Chairman, 
mentioned that this seemed to be the first time that the 
Kelvin Lecture had been delivered in Scotland, and he 
suggested that it might be appropriate for subsequent Kelvin 
Lectures to be delivered in Lord Kelvin’s native land as well 
as in London. Bo, T. 


LONDON REPORT 


loss—death, retiremént and transfer to other kinds of 
employment—requires an average annual recruitment of 
full-time teachers of 2 300 per annum over the five-year period. 

How can we obtain this high recruitment rate? Funda- 
mentally, we require a new co-operative relationship between 
industry and the technical colleges, and the willingness of 
industry to release technologists for day-time teaching work. 
This is particularly difficult at a time when industry is short 
of technologists, but the sacrifice must be made. 

In the second place, teaching must be made more attractive, 
and the Committee suggest that every effort should be made 
to reduce the amount of actual teaching at present required 
of many teachers. They suggest, moreover, the more generous 
provision of clerical, laboratory and research assistance; a 
better deployment of highly qualified staff; and opportunities 
for research and consulting work for which the teacher should 
be allowed to retain honoraria and fees. Teachers should be 
encouraged and assisted to return to industry for ‘refresher’ 
experience; and should be encouraged to attend short techni- 
cal courses and conferences with financial help for expenses 
where appropriate. 

In the third place, there should be improved facilities for 
the training of technical teachers. The position in the 1955-56 
session was that, of 11000 full-time technical teachers, about 
a third received teacher training, the majority of these in 
subjects other than technology. There are facilities for teacher 
training at Bolton, Huddersfield and the Garnett College in 
London, which together accommodate about 300 students. 
It is recommended that the number of places be increased at 
once from 300 to 500 with a further increase to 700 places in 
due course, and for this purpose a fourth training college 
should be established in the Midlands. Better rates of grants 
should be provided for students taking full-time courses of 
pre-service training, and certain teachers taking a full-time 
course of study for a year or a term should be seconded on 
full salary, and receive free tuition and a grant to cover travel 
expenses and additional costs of maintenance. Each college 
should have a strong governing body represented on industry, 
technical colleges, local education authorities and universities. 

A variety of training courses should be established for 
pre-service and in-service students, and in addition there 
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should be a residential staff college to enable senior college 
staff to study teaching, administrative and technical problems, 
in conjunction with representatives of industry, universities, 
Government establishments and schools. Finally, the Com- 
mittee recommend the establishment of a Standing Advisory 
Committee on the Supply and Training of Teachers for 
Further Education. 

The Report was presented at the Institution meeting by 
Dr. Willis Jackson, and the discussion was opened by the 
Minister of Education, who made a complimentary reference 
to The Institution’s work on technical education. Unfortu- 
nately, as a nation, we had scandalously neglected technical 
education for generations, and the new situation demanded a 
rapid, determined development. It called for a joint contribu- 
tion by all concerned, and the Minister emphasized the 
importance of industry’s part in this urgent matter. 

The discussion was continued by Mr. E. G. Godfrey 
(President, Association of Teachers in Technical Institutions; 
Borough Polytechnic); Dr. J. E. Richardson (Director of 
Education, The Polytechnic); Mr. L. J. Davies (Director of 
Research and Education, British Thomson-Houston Co.); Mr. 
F. B. P. Browning (Assistant Education Officer, Warwickshire 
County Council); Mr. O. W. Humphreys (Director, Research 
Laboratories of the General Electric Co.); Mr. H. S. Barlow 
(Head of Physics and Mathematics Department, South East 
Essex Technical College); Mr. Maynard M. Boring (Member 
of the American President’s Committee on Engineering Man- 
power; General Electric Co., U.S.A.); Alderman J. W. Brown 
(Chairman of Council, Association of Technical Institutions); 
Mr. C. Jameson (Principal, Garnett College); Mr. Austen 
Albu, M.P.; Sir Hugh Linstead, M.P.; Mr. A. A. Part (Under- 
Secretary, Ministry of Education). 

It was a tribute to the work of the Committee that speakers 
found few grounds for criticism of the Report. Their contribu- 
tions were directed mainly to underlining the importance of 
the Committee’s conclusions and showing by the recounting 
of examples how certain of the proposals had already been 
put into operation in one part of the country or another. An 
excellent example quoted was that of the Rugby Technical 
College—where local industry had co-operated fully with the 
work of the college in releasing senior staff for day-time 
teaching, and, moreover, provided facilities for the full-time 
college staff to obtain ‘refreshers’ of industrial experience. 
A more graphic example was given by Mr. Boring on co- 
operation in the United States between industry and technical 
colleges: his company, with 37000 professional employees, 
retained as many as 186 university professors on a consulting 
basis, and found the scheme more than paid for itself. He 
recalled instances of the systematic and widespread release of 
industrial technologists for teaching, and referred also to the 
success of recent experiments in the teaching of science and 
mathematics by closed-circuit television, where it was found 
that there was, among the students, better receptivity and 
better retention of the lecture material. 

Other speakers referred to the importance of the college 
library as the centre of private study and information for the 
industry; to the possibility of a greater degree of transfer from 
research laboratories to technical colleges, where in middle 
life a research worker could find a new and rewarding career 
to which he could bring the most valuable groundwork of 
experience; and to the training of teachers, not only in teaching 
and training colleges, but on the job. 

One speaker described the problem as being one of space 
rather than of teachers—there might, therefore, be a shortfall 
in the number of students in 1960-61 and the number of 
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teachers required might be less than the report suggests. This 
was not the view of other speakers, however, although ther’ 


was general agreement on the urgency of the building pg. 


gramme. It was reassuring, therefore, to hear that there woul 
be no cut in the Government’s published plans for building 
technical colleges. It was encouraging also to learn that th 


Minister had agreed to the establishment of the Standing 7 


Advisory Committee recommended in the Report. 

The presentation of the Report and the ensuing discussion 
left the clear impression that this is a problem which must 
tackled immediately. Here are the means by which th 
numbers of teachers may be increased to provide for th 
expansion of technical education for our survival as a greal 
industrial nation; the fundamental requirement is whok 


hearted co-operation between the technical colleges anj i 


industry from which so many of the additional teachers~ 
both part-time and full-time—will have to come. Cc. Te 


MEASUREMENT AND CONTROL SECTION 


Three Papers on Computers 
At a meeting of the Measurement and Control Section heli 


on the 5th November, three papers on widely different aspect 
of digital computer techniques were read before an appre 





ciative audience. Short reviews of the papers appear on 
p. 24 et seq. : 

The first, The Design of the Control Unit of an Electronic 
Digital Computer, by M. V. Wilkes, W. Renwick and D. J 
Wheeler, was wittily presented by Dr. Wilkes. He described 
the matrix method, applied to a fully parallel computer, of 
dissecting a computer order into a sequence of basic oper 
tions, which has been called micro-programming, a term whid! 
he did not wish to perpetuate owing to the possibility d 
ambiguity. Both diode and core matrices may be used in thy 
method of control-unit design, and in Edsac II an 8 x 6 cor 
matrix is at present in use. Dr. Wilkes claimed for this design 
philosophy that it is systematic and consequently easier t 


pursue than other more ad hoc methods. Subsequent speakeng . 


generally agreed with him. 

The second paper, A Decimal Adder using a Stored Addition 
Table, by M. A. Maclean and D. Aspinall, was presented by 
Mr. Maclean. He described how, following a suggestion by 
Dr. Svoboda, a decimal adder had been built using a variety 
of bi-quinary, binary-coded decimal number representation: 
This representation is obtained by combining the binay 
forms of the residue modulo 5 and modulo 2 for each decimal 
integer. Its advantage lies in the absence of a carry betwee 
the two parts of an integer in the operation of addition, # 
that rather faster operation may be obtained from inherently 
slow circuits than would otherwise be the case. Mr. Maclean 
described in detail the design of an adder using slow transistor 
and magnetic cores, where this advantage permitted operation 
at 50 kc/s. 

The last paper, An Accurate Electroluminescent Graphic@l 
Output Unit for a Digital Computer, by T. Kilburn, G. Hoffman 
and R. E. Hayes, was presented by Mr. Hayes. As om 
contributor to the discussion pointed out, this paper was @ 
special interest because it was probably the first published 
application of electroluminescence to the computer art. Tht 
display unit described accepts directly a digital input giving 
the x and y co-ordinates of the point to be displayed; tt 
secures very high accuracy and repeatability since evef 
possible point is defined by the intersection of a pair of vefy 
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accurately placed orthogonal conductors, between which the 


photoluminescent phosphor is sandwiched. 


Opening the discussion, Mr. W. S. Elliott disclaimed any 
intention of providing verbal fireworks, regardless of the date. 
He pointed out that, since no more papers dealing with 
digital computers were to be given in the present session, the 
papers that had been presented should be regarded as showing 
what advances had been made in the art since the Convention 
on Digital-Computer Techniques in April 1956, and should 
be judged accordingly. Mr. Elliott complimented Dr. Wilkes 
on the elegance of the methods he had described, and asked 
for any comments regarding their application to fully serial 
or parallel-bit serial-character machines. He regretted that the 
second paper had not made any extensive comparisons with 
other stored-addition-table methods and suggested that 
magnetic cores with many turns might not retain the reliability 
expected. He asked whether the residue-number system could 
be used throughout a machine. Turning to the last paper, he 
questioned the value of the extreme accuracy which the authors 
reported. 

This point was taken up by Dr. D. J. Truslove, who also 
pointed out the disparity in speed between a fast modern 
computer and an output unit accepting only one point every 
30 millisec. 

The suggestion was made by Mr. D. M. Taub, referring to 
the first paper, that a saving in equipment would occur when 
diode matrices were employed if a counter was included in 


| the sequencing device. Mr. K. L. Smith, on the other hand, 


proposed that core shift registers of the type described by 
Wang could reduce the equipment needed in a rather similar 
way, if core circuits were favoured. 

Mr. D. V. Willis suggested that the value of more sequential 
units over purely general matrix arrays could best be found 
by a comparison of the number of micro-steps involving a 
jump with those which led directly on. 

Mr. J. H. Briggs commented on the potentialities of an 
electroluminescent matrix display as a television viewing 
device, while a word of warning was given by Mr. T. B. 
Tomlinson on the difficulties of using evaporated phosphor 
layers which would require subsequent heat treatment to 
improve crystal structure. 

Dr. Wilkes, in reply to Mr. Elliott, stated that he believed 
a small serial computer had been made on the lines described. 
However, in a serial machine, one of the matrices would be 
used to gate the outputs from a waveform generator. He felt 
that any major departure from the complete generality of the 
matrix, as suggested by Messrs. Taub and Smith, would add 
extra complications tending to nullify the attempt at sequential 
organization. 

Mr. Maclean explained that a multiplier using residue 
representation would be extremely complicated and that any 
extension to a base other than ten would involve a ‘fearsome 
decoding problem’. He could not agree to the criticism of 
cores with many turns. 

Both Dr. Kilburn and Mr. Hoffman rose to the defence of 
their electroluminescent display, the former making the point 
that up to 30% of his own computer’s output ended up in 
graphical form, and adding that if Dr. Truslove would 
journey to Manchester he could have a 1000-point graph for 
a third of the price that Dr. Truslove himself had quoted. 
Mr. Hoffman said that the accuracy was obtained at no extra 
cost, and that speed could undoubtedly be much increased. 
He finished by issuing an invitation to all interested to see a 
demonstration of the display unit at Manchester University, 
since it was not practicable to give one at the present meeting. 
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A vote of thanks to the authors proposed by the Chairman, 
Mr. H. S. Petch, was carried with acclamation. I. W. M. 


RADIO AND TELECOMMUNICATION 
SECTION 


Printers versus Plumbers 


At the meeting of the Radio and Telecommunication Section 
held on the 13th November 1957, Mr. J. M. C. Dukes 
presented three papers on microstrip techniques: The Applica- 
tion of Printed-Circuit Techniques to the Design of Microwave 
Components; Broad-Band Slot-Coupled Microstrip Directional 
Couplers; and Re-entrant Transmission Line Filter Using 
Printed Conductors. A short review of these three papers 
appears on p. 22. 

Mr. Dukes described a relatively new technique for the 
construction of microwave components by printing methods, 
which, he considered, had some notable advantages and 
perhaps a few disadvantages compared with conventional 
methods using rectangular waveguides with flanged connexions 
—popularly known as ‘plumbing’. 

The microstrip techniques described in the papers were 
essentially metallic-strip transmission lines in various forms, 
sometimes deposited by photo-mechanical methods on thin 
dielectric boards. 

The author outlined various methods that could be used 
for the design of microwave components such as filters, 
hybrids and directional couplers, pointing out how the special 
characteristics and limitations of strip lines required a different 
approach from the design of components in rectangular 
waveguides. 

The advantages claimed for microstrip were those of 
lightness, compactness, reproducibility, and suitability for 
quantity production at low cost; the chief disadvantages 
were the limited power-handling capacity, the lack of precise 
characteristics and certain difficulties of measurement. 

The discussion, which was very effectively opened by 
Mr. L. Lewin, proved to be a battle between the ‘printers’ and 
the ‘plumbers’, neither side giving or receiving much quarter. 
In reviewing the likely applications of microstrip techniques, 
one speaker drew attention to the possibilities of microstrip 
for cheap compact microwave-link equipment operating at 
frequencies above 10Gc/s and providing a small number 
of telephone circuits. Such an equipment would use printed- 
circuit techniques, not only for the microwave components, 
but also for the intermediate-frequency amplifiers and 
time-division-multiplex channelling equipment. 

When the dust of battle had subsided, it was generally 
realized that it was unlikely that printed-circuit microstrip 
techniques would supplant conventional waveguide techniques 
for all applications, but it would most likely be found useful 
in a range of applications where lightness, compactness and 
suitability for quantity production were more important than 
great precision and the ability to handle high powers. How- 
ever, it was agreed by all that Mr. Dukes had made a notable 
and valuable contribution to the art of microstrip design, 
which would greatly facilitate future development. w. J. B. 


Pleasure versus Perfection , 

The technology of sound reproduction seems nowadays to 
become increasingly subjective. The consulting engineer for 
a concert hall, the designer of a sound reproduction system 
for an auditorium, the ‘hi-fi’ enthusiast entertaining his 
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friends are all less concerned with optimum reverberation 
times, flat frequency-response curves and correct volume 
levels than they probably were fifteen years ago. Today the 
emphasis, as on the Light Programme, is on giving the public 
what it wants, and most engineers in installing domestic 
high-fidelity equipment would aim at the most pleasing result 
rather than the most faithful reproduction. But in the way of 
many of the best things in life, the ‘most pleasing result’ in the 
home is a developed taste, particularly for those who have 
spent years listening to music reproduced by an inexpensive 
radiogramophone. So the ‘hi-fi’ enthusiast must be prepared, 
like the Third Programme, to do some educating, and he 
probably begins with his family. The subjective emphasis was 
prominent in the discussion at the Informal Evening arranged 
by the Radio and Telecommunication Section on the 28th 
October 1957, under the title ‘Domestic High-Fidelity 
Reproduction’. Probably few members of the Section are 
concerned professionally with this application of electrical 
engineering, bui the large audience in the theatre, reminiscent 
of that at an Ordinary Meeting, testified that there are many 
who are interested in it. 

Speaking from the dais behind an impressive army of 
loudspeakers and other apparatus for the demonstration he 
gave, Mr. J. Moir set the turntable spinning with a breezy 
account of what could and could not be done successfully in 
the home. He stressed that what sounded all right in a large 
hall seldom did in a small room. Both the reverberation times 
and the reverberation-time/frequency curves were different, 
and the upshot was that for maximum pleasure one normally 
required less than the full frequency and volume ranges in the 
small room. Somerville and Brownlees had indeed shown 
in 1949 that the preferred volume level in a concert hall 
and a room differs by 25 phons. (It was surprising to hear 
that the Americans on the average liked lower peak volume 
level than the British.) Mr. Moir described the tests by Chinn 
and Eisenberg and by Olson to show that people liked hearing 
music in effect through a comparatively narrow band-pass 
filter, unless they were told that they were listening to the full 
range of frequencies, when their preference shifted to that. So 
far as he knew, nobody had yet made an engineering demon- 
stration showing that people liked wide-range response in a 
small room. Moreover, as illustrated by one of Mr. Moir’s 
demonstrations at the meeting, in an average orchestral piece 
of music there were only occasional short bursts of frequencies 
higher than 10kc/s. 

Mr. Moir stressed the value of the size of loudspeakers— 
both in dimensions and power-handling capacity—and the 
inefficiency of the widely used small moving-coil type that 
often is to be found in cheap commercial reproducers 
euphemistically dubbed ‘hi-fi’. But two synchronized loud- 
speakers were hardly any larger acoustically than one, owing 
to the ‘Haas effect-—when the ear is listening to a pattern of 
sound it cannot hear the same pattern of sound from a 
different source if the second pattern follows the first almost 
instantaneously. This effect was demonstrated convincingly, 
though not quite convincingly enough for one speaker in the 
discussion who appeared to have heard both loudspeakers all 
the time they were switched on together. No doubt he is not 
troubled by the problem of which way to turn which confronts 
most people in a large hall when they find themselves equidis- 
tant from two loudspeakers (and perhaps the lecturer as well). 

Mr. Moir ended his opening remarks by considering 
possible future improvements in domestic sound reproduction. 
The development of cheaper stereophonic systems would, he 
felt, go a long way towards removing present defects. 
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Curiously the loudspeaker did not come in for its ugy 
castigation as the weakest link in the chain, though Mr. Mos 
thought that the polar diagrams of most designs showed mug 
room for improvement. The use of magnetic recordings 
tapes was likely to increase, for the distortion was lowe seer 
than with discs, and the signal/noise ratio, though initi h EDUCA 











no higher than that obtained from a good disc, couldtg ® + 
maintained through several hundred playings. —_ 


Mr. J. K. Webb, who followed the opening speaker, strudf *” 
a ‘nothing new under the sun’ note. It seemed that he hy 
opened a somewhat similar discussion at a meeting of 
























Radio Section in 1954, but although The Institution did ng 4 § 
countenance the term ‘hi-fi’ at the time, most of Mr. Moirg BOLT 
points had been made on that occasion. Mr. Webb siif a 
supported them, and asked what progress had been mag B00" 
recently in the provision of synthetic bass—‘bass withoug soarp 
baffles’. J.C 
Captain P. P. Eckersley followed with a typically witty ang BOUI 
enjoyable speech which ranged from opening windows tj [ane 
Brown Windsor soup and women engineers, and whif L. | 
implied in passing that its originator supported Mr. Moiré pra 
target of pleasure rather than perfection—‘no good strivi — 
for perfection if you don’t get there’. : 
But the perfectionists found a champion in Dr. L. — 
Hughes, who, in an urbane and well-informed speech, attack W. | 
most of Mr. Moir’s gospel. The arguments advanced mighf pris’ 
apply to sound reproduction in cinemas, but not to highf court 
fidelity reproduction of music for a discriminating publi woh 
The acoustic engineer, thought Dr. Hughes, must reprod 4} 
as well as he could, and those who used his equipment m Cha 
if necessary, be trained to listen to music. A suitable r Sect 
in which to reproduce music was a rectangular one with@ BRIT 
ring of loudspeakers at one end and padding at the other — 
cut out reflection. All reverberation effects heard by J. 
listener would then be those recorded in the original hall. R. ¢ 
The debate continued with most speakers supporti sl 
Mr. Moir rather than Dr. Hughes. But one member simpli T 
the whole issue by remarking that it hinged on whether v 
had your eyes open or shut. If you shut them you o 7 
mentally transpose yourself to the concert hall and you wan . 
the music reproduced as closely as possible to the original. pert 
your eyes were open, you were confined to your own sma EnaINi 
room and your senses demanded something different The 
reproduction. Will the ‘hi-fi’ amplifier of to-morrow have a “FNC 


eyes-open/eyes-shut switch? 
One or two speakers felt that present-day ‘hi-fi’ equip RESE 
was a bit unmanageable in an ordinary sitting-room and thig counc 


for the sake of appearance, if nothing more, designers sh ~“ 
concentrate on producing the same result with smaller lou geno 


speakers. Dr. R. C. G. Williams, indeed, said he would Sir | 
like to hang up one of Mr. Moir’s pet electrostatic spe: SUB-CC 
in his house. Wittily developing the theme that a comp 
‘hi-fi’ reproducer must be both acceptable to the public F. J 
not more than £75-100 in price, Dr. Williams explained th 4.! 
the television set now had priority as a piece of ‘ BRIT 
furniture’ in most homes; ‘hi-fi’ equipment occupied only “— 
status of the old-fashioned radiogramophone in the 
when a piano was the pride of the room. 

Mr. Moir gave cheerful and succinct replies to the spea (De 
at the end of their contributions, and when most of tg BRIT 
audience were beginning to feel that it was time to go h ig 
and play a record, the chairman, Mr. G. Millington, brou BRIT 
the meeting to a close with a vote of thanks to the openi BOARD 
speaker—in which he indicated that there was still somethi Wil 
to be said for making one’s own music. C. T. Rg ° App 
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ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS 
EDUCATION AND TRAINING COMMITTEE 

B. L. Metcalf, B.sc.(ENG.) (8.10.53) 


BIRMINGHAM COLLEGE OF TECHNOLOGY 
ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING 
r, Strucl§ “ y. §. Davidson, T.p. (12.9.57) 


he haf phACKBURN TECHNICAL COLLEGE ENGINEERING 
2 of tt ADVISORY COMMITTEE 
did nog HH. Shackleton, m.sc. (6.12.56) 


. Moir BOLTON TECHNICAL COLLEGE 
bb gif ENGINEERING TRADES ADVISORY SUB-COMMITTEE 
‘ lS dH. Diggle, B.sc.TECH. (12.9.57) 


sa “S BOOTLE MUNICIPAL TECHNICAL COLLEGE 
Withou§ poaRD OF GOVERNORS 
J. Collins (17.5.56) 


BOURNEMOUTH MUNICIPAL tae OF 
TECHNOLOGY AND COMMER 
ADVISORY COMMITTEE FOR ELECTRICAL a 

L. H. G. Carr, M.sc.TECH. (5.12.57) 


BRADFORD INSTITUTE OF TECHNOLOGY 
GOVERNING BODY 
A. J. Coveney (27.6.57) 


BRIGHTON TECHNICAL COLLEGE ENGINEERING 
ADVISORY COMMITTEE 
W. E. Gibbs (3.11.55) 


BRISTOL UNIVERSITY 
COURT OF THE UNIVERSITY 
W. Hill (31.3.49) 


BRITISH ASSOCIATION FOR COMMERCIAL AND 
INDUSTRIAL EDUCATION 
Chairman of the Education and Training Committee (26.4.56) 
Secretary of The Institution (26.4.56) 


BRITISH CONFERENCE ON AUTOMATION AND 
COMPUTATION 
GROUP A (ENGINEERING APPLICATIONS) 

J. F. Coales, 0.B.£., M.A. (7.11.57) 

R. C. G. Williams, PH.D., B.SC.(ENG.) (7.11.57) 


GROUP B (BRITISH GROUP FOR COMPUTATION AND AUTOMATIC CONTROL) 
General Meetings 
T. E. Goldup, c.B.£. (12.9.57) 
W. Bamford, B.sc. (12.9.57) 
Interim Steering Committee 
W. Bamford, B.sc. (12.9.57) 
J. F. Coales, 0.B.E., M.A. (12.9.57) 


BRITISH COUNCIL 
ENGINEERING ADVISORY PANEL 

The Secretary of The Institution (or his deputy) (2.12.48) 
SCIENCE ADVISORY COMMITTEE 

T. G. N. Haldane, M.A. (2.12.48) 


BRITISH ELECTRICAL AND ALLIED INDUSTRIES 
RESEARCH ASSOCIATION 
COUNCIL 
Professor J. Greig, M.SC., PH.D. (7.12.50) 
A. W. Montgomery, 0.B.E., B.SC.TECH. (6.3.52) 
SECTIONAL COMMITTEE ON UNCLASSIFIED RESEARCHES 
Sir Harry Railing, D.ENG. (8.1.31) 
SUB-COMMITTEE ON EARTHING AND EARTH PLATES 
Appointment pending. 
SUB-COMMITTEE ON RADIO INTERFERENCE 
F. Jervis Smith (19.10.45) 
H. Stanesby (9.4.53) 
BRITISH ELECTRICAL DEVELOPMENT ASSOCIATION 
SUB-COMMITTEE ON THE INSTALLATION OF STORAGE BLOCK HEATERS 
R. A. Marryat, B.sc.(ENG.) (10.1.57) 
BRITISH ELECTRICAL POWER CONVENTION 
R. W. Mountain, B.sc.(ENG.) (3.3.55) 
(Deputy, the Secretary of The Institution—5.2.53) 
BRITISH NATIONA COMMITTEE ON DOCUMENTATION 
. Secretary of The Institution (or his deputy) (1.4.48) 
B. M. Crowther, M./., PH.D. (1.4.48) 


BRITISH NUCLEA. tNERGY CONFERENCE 
BOARD 
Willis Jackson, D.SC., D.PHIL., DR.SC.TECH., F.R.S. (31.3.55) 


* Appointed for liaison with the Wiring Regulations Committee. 
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P. Dunsheath, cC.B.£., M.A., D.SC.(ENG.) (1.3.56) 
Sir Josiah Eccles, c.B.£., D.sc. (3.3.55) 
Sir John Hacking (7.3.57) 
ELECTRICAL INDUSTRY STANDARDS COMMITTEE (ELE/-) 
The President (ex officio) (7.3.46) 
W. K. Brasher, c.B.£., M.A. (27.6.40) 
P. Dunsheath, c.B.E., M.A., D.SC.(ENG.) (9.5.46) 
Sir Vincent Z. de Ferranti, m.c. (3.2.49) 
Sir John Hacking (7.12.50) 
G. O. Watson (22.6.44) (Representing the Ship Electrical Equipment 
Committee) 
H. T. Young (6.12.45) 
SUB-COMMITTEE ON MARINE MOTORS AND GENERATORS (ELE/1/10) 
T. Golding, 0.B.£. (20.9.46) 
A. Henderson (20.9.46) 
G. O. Watson (20.9.46) 


TECHNICAL COMMITTEE ON VOLTAGES, CURRENT RATINGS, AND 
FREQUENCIES (ELE/2) 
J. L. Miller, D.ENG., PH.D. (1.3.45) 


TECHNICAL COMMITTEE ON ELECTRIC CABLES (ELE/3) 
A. Henderson (19.6.52) 
*C. E. Mills (6.12.51) 
G. O. Watson (31.12.36) 
WORKING PARTY FOR COMMONWEALTH CONFERENCE ON CABLES (ELE/3 
B. Donkin, B.A. (6.12.56) 
SUB-COMMITTEE ON SHIPS CABLES (ELE/3/2) 
A. Henderson (18.5.39) 
*C. E. Mills (6.12.51) 
G. O. Watson (20.10.38) 
SUB-COMMITTEE ON RUBBER INSULATED CABLES (ELE/3/7) 
*B. Donkin, B.A. (2.2.50) 
*C. E. Mills (15.9.49) 
SUB-COMMITTEE ON P.V.C. INSULATED CABLES (ELF/3/8) 
*B. Donkin, B.A. (30.3.50) 
*C. E. Mills (15.9.49) 
SUB-COMMITTEE ON PAPER-INSULATED CABLES (ELE/3/10) 
J. W. Leach (13.9.51) 


SUB-COMMITTEE ON POLYTHENE-INSULATED CABLES (ELE/3/11) 
B. Donkin, B.A. (3.4.52) 
C. E. Mills (3.4.52) 
SUB-COMMITTEE ON VARNISHED-CAMBRIC INSULATED CABLES (FLE/3/15) 
J. W. Leach (5.11.53) 
SUB-COMMITTEE ON P.V.C. CABLES FOR SWITCHBOARDS (ELE/3/17) 
C. E. Mills (4.11.54) 
SUB-COMMITTEE ON MINERAL-INSULATED CABLES (ELE/3/18) 
G. Auterson, B.sc. (26.4.56) 
*J. S. McCulloch (26.4.56) 
SUB-COMMITTEE ON FITTINGS FOR MINERAL-INSULATED CABLES (ELF/3/19) 
G. Auterson, B.sc. (12.9.57) 
*J. S. McCulloch (12.9.57) 
SUB-COMMITTEE ON CABLES FOR LIFTS (ELE/3/24) 
C. E. Mills (12.9.57) 
TECHNICAL COMMITTEE ON ELECTRICAL ACCESSORIES (ELE/4) 
*B. Donkin, B.A. (12.5.49) 
*S. L. M. Barlow (26.4.56) 
SUB-COMMITTEE ON TUMBLER SWITCHES (ELF/4/1) 
J. 1. Bernard, B.sc.TECcH. (17.5.51) 
*E. J. Sutton (12.5.49) 
SUB-COMMITTEE ON WALL-PLUGS AND SOCKETS (ELE/4/2) 
*H. G. Gamble (3.4.52) 
J. Hall, B.sc.(ENG.) (19.6.52) 
*E. J. Sutton (12.5.49) 
SUB-COMMITTEE ON FUSES (ELE/4/3) 
*B. Donkin, B.A. (12.5.49) 
*F. H. Mann (17.5.51) 
*E. J. Sutton (6.12.51) 
G. O. Watson (23.2.39) 
SUB-COMMITTEE ON CEILING ROSES (ELE/4/7) 
*E. J. Sutton (12.5.49) 
SUB-COMMITTEE ON CONDUIT FITTINGS (ELE/4/8) 
*E. J. Sutton (12.5.49) 
PANEL ON NON-FERROUS CONDUITS AND FITTINGS (ELE/4/8/2) 
*A. J. L. Whittenham (4.3.48) 
SUB-COMMITTEE ON CONNECTORS FOR PORTABLE APPLIANCES (ELF/4/10) 
*J. G. Craven (28.6.51) 
H. Midgley, m.sc. (28.5.51) 
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SUB-COMMITTEE ON PROTECTED TYPE PLUGS AND SOCKETS (FOR INDUSTRIAL 
PURPOSES) (ELE/4/11) 
S. J. Emerson, M.ENG. (15.5.52) 
*C. E. Mills (3.4.52) 
*E. J. Sutton (12.5.49) 
SUB-COMMITTEE ON SWITCHES FOR APPLIANCES (ELE/4/18) 
*S. L. M. Barlow (7.2.57) 
TECHNICAL COMMITTEE ON ELECTRICAL GLOSSARIES AND GRAPHICAL 
SYMBOLS (ELE/9) 
. H. A. Carr, M.SC.TECH. (2.2.56) 
The Secretary of The Institution (or his deputy) 
SUB-COMMITTEE ON GRAPHICAL SYMBOLS FOR GENERAL ELECTRICAL 
ENGINEERING (ELE/9/3) 
L. G. Brazier, PH.D., B.SC. (2.11.44) __ 
The Secretary of The Institution (or his deputy) 
SUB-COMMITTEE ON ELECTRICAL NOMENCLATURE AND SYMBOLS—TYPES OF 
ENCLOSURE (ELE/9/8) 
S. J. Emerson (20.5.54) 
PANEL ON INTERNATIONAL VOCABULARY OF THE I.E.C. GROUP 25— 
DISTRIBUTION OF ENERGY (ELE/9/10/25) 
T. G. N. Haldane (26.4.56) 
(Deputy R. S. Orchard, M.A.) 
COMMITTEE ON ELECTRICAL SWITCH AND CONTROL GEAR (ELE/10) 
*J. A. Broughall, B.sc.(ENG.) (7.3.57) 
SUB-COMMITTEE ON SWITCHGEAR FOR DOMESTIC AND INDUSTRIAL DUTY 
(ELE/10/2) 
Appointment pending 
PANEL ON SMALL AUTOMATIC OVER CURRENT SWITCHES (ELE/10/2/1) 
H. W. Swann, 0.B.E. (19.5.55) 


SUB-COMMITTEE ON SWITCHBOARDS (ELE/10/10) 
*T. M. H. Stubbs (7.3.57) 


SUB-COMMITTEE ON AUTOMATIC CHANGE-OVER CONTACTORS (ELE/10/16) 
*E. J. Sutton (15.6.50) 


SUB-COMMITTEE ON EARTH LEAKAGE CIRCUIT-BREAKERS (ELE/10/18) 
*H. W. Grimmitt, C.B.E. (13. 5.48) 
Further appointment p ig 


TECHNICAL COMMITTEE ON ELECTRICAL INSTRUMENTS (ELE/13) 
R. B. Armstrong, B.sc. (5.4.51) 
J. F. Coales, 0.B.£., M.A. (5.11.53) 
TECHNICAL COMMITTEE ON ELECTRICITY METERS (ELE/14) 
A. J. Gibbons, B.sc.TECH. (27.10.36) 
L. B. S. Golds (12.1.50) 
G. F. Shotter (28.2.29) 
TECHNICAL SUB-COMMITTEE ON IMMERSION HEATERS AND THERMOSTATS 
(ELe/15/5) — 
E. Jacobi (5.3.53) 
SUB-COMMITTEE ON COMPOSITE BOARDS FOR SWITCHGEAR, ETC. (ELE/16/13) 
Appointment pending 


TECHNICAL COMMITTEE ON OVERHEAD LINES (ELE/17) 
P. J. Ryle, B.sc.(ENG.) (19.5.55) 
H. W. Grimmitt, c.B.£. (26.10.55) 


SUB-COMMITTEE ON INSULATOR AND CONDUCTOR FITTINGS (ELE/17/7) 
W. J. Nicholls, B.sc. (6.1.55) 


TECHNICAL COMMITTEE ON RAILWAY SIGNALLING APPARATUS (ELE/22) 
E. G. Brentnall, M.ENG. (19.6.52) 

TECHNICAL COMMITTEE ON TRAMWAY POLES (ELE/24) 
T. S. Pick, B.sc.(ENG.) (3.2.49) 


TECHNICAL COMMITTEE ON RAILWAY SIGNALLING NOMENCLATURE AND 
SYMBOLS (ELE/25) 
Major L. H. Peter, M.c., A.F.c. (15.9.49) 


TECHNICAL COMMITTEE ON ELECTRIC FANS (ELE/28) 
A. S. Carr, B.sc. (5.11.53) 


TECHNICAL COMMITTEE ON RADIO INTERFERENCE SUPPRESSION (ELE/32) 
G. O. Watson (22.6.44) (Representing the Ship Electrical Equipment 
Committee) 


PANEL ON ABATEMENT OF INTERFERENCE AT HIGHER FREQUENCIES 
(eLE/32/—/1) 
A. J. Biggs, PH.D., B.Sc. (6.12.56) 
SUB-COMMITTEE ON RADIO INTERFERENCE FROM TROLLEYBUSES AND TRAM- 
WAYS (ELE/32/3) 
Col. Sir A. Stanley Angwin, K.C.M.G., 
D.SC.(ENG.) (4.11.48) 
SUB-COMMITTEE ON RECEIVING EQUIPMENT (ELE/32/5) 
A. J. Biggs, PH.D., B.Sc. (6.12.56) 
The Secretary of The Institution (or his deputy) 
SUB-COMMITTEE ON MARINE INSTALLATIONS (ELE/32/6) 
Major B. Binyon, 0.B.E., M.A. (8.8.39) 
Sir Archibald J. Gill, B.sc.(ENG.) (6.11.47) 
G. O. Watson (8.8.39) 
TECHNICAL COMMITTEE ON ELECTRIC CLOCKS (ELE/35) 
Appointment pending 
* Appointed for liaison with the Wiring Regulations Committee. 
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TECHNICAL COMMITTEE ON SAFETY REQUIREMENTS (ELE/38) 
*S. L. M. Barlow (7.2.57) 
*H. W. Grimmitt, C.B.E. t12.5.49) 
*F. H. Mann (7.2.57) 


SUB-COMMITTEE ON PORTABLE ELECTRIC TOOLS (ELE/38/6) 
F. H. Mann (6.3.52) 


SUB-COMMITTEE ON ELECTRIC SHAVER SUPPLY UNITS (ELE/38/13) 
H. W. Swann, 0O.B.£. (13.9.56) 


TECHNICAL COMMITTEE ON TERMINAL MARKINGS (ELE/41) 
*E. J. Sutton (3.11.49) 


TECHNICAL COMMITTEE ON EARTHING CLAMPS (ELE/45) 
*H. W. Grimmitt, c.B.£. (12.1.50) 
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A. J. L. Whittenham (16.9.54) 


TECHNICAL COMMITTEE ON INTRINSICALLY SAFE ELECTRICAL APPARATU 
AND CIRCUITS (ELE/54) 
C. D. Wilkinson (5.2.53) 
TECHNICAL COMMITTEE ON CONSUMER SUPPLY CONTROL UNITS (ELE/57) 
H. C. Spence (31.3.55) 
TECHNICAL COMMITTEE ON INSTRUMENT TRANSFORMERS (ELE/59) 
G. F. Shotter (22.2.34) 
TECHNICAL COMMITTEE ON POWER RATING OF H.F. HEATING EQUIPMENT 
(ELE/66) 
L. Carter Ludbrook, B.ENG. (13.5.48) 
TECHNICAL COMMITTEE ON INSULATORS FOR POWER SYSTEMS (ELE/70) 
P. K. Davis (31.3.55) 
SUB-COMMITTEE ON LINE INSULATION (ELE/70/1) 
P. K. Davis (11.5.39 
H. Willott Taylor (11.5.39) 
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F. H. Mann (8.11.56) 
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F. H. Mann (8.11.56) 
G. O. Watson (8.11.56) 
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*F, H. Mann (7.2.57) 
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PURPOSES (ELE/80) 
E. E. Hutchings, B.sc.(ENG.) (25.4.57) 
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F. Byrne (7.11.57) 
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TECHNICAL COMMITTEE ON METER SPACE (B/65) 
H. C. Spence (31.3.55) 


sUB-COMMITTEE ON ELECTRICAL METER SPACE (B/65/1) 
H. C. Spence (31.3.55) 


TECHNICAL COMMITTEE FOR BOILER WATER TESTS (C/37) 
W. Wilde, B.SC.(ENG.) (4.3.43) 
sUB-COMMITTEE ON ELECTROPLATED COATINGS OF SILVER FOR INDUSTRIAL 
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D. O. Walter (1.4.54) 
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SUB-COMMITTEE ON STAGE ELECTRICAL EQUIPMENT (CME/4/7) 
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SYSTEMS (INE/1/1) 
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PANEL ON AUTOMATIC REGULATORS (INE/1/1/4) 

Professor K. A. Hayes, B.Sc.(ENG.) (9.4.53) 
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MECHANISMS (INE/1/2/2) 

Professor K. A. Hayes, B.Sc.(ENG.) (24.6.54) 


TECHNICAL COMMITTEE ON TEMPERATURE MEASUREMENT (INE/4) 
H. A. Thomas, D.sc. (30.3.50) 


SUB-COMMITTEE ON REFRIGERATION THERMOMETERS ON SHIPS (INE/4/5) 
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TECHNICAL COMMITTEE ON PRESSURE GAUGES (INE/6) 
G. A. V. Sowter, PH.D., B.SC.(ENG.) (19.6.52) 
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W. R. Stevens, B.sc. (19.5.55) 
J. W. T. Walsh, 0.B.E., D.sc., M.A. (8.11.51) 
G. T. Winch (24.6.54) 
The Secretary of The Institution (or his deputy) 
TECHNICAL COMMITTEE ON PORTABLE PHOTOMETERS (LGE/1) 
G. F. Freeman, M.sc.(ENG.) (15.5.52) 
Further appointment pending 
TECHNICAL COMMITTEE ON ELECTRIC LAMPS (LGE/6) 
*N. Sizer, 0.B.E., M.C. (23.6.49) 
G. T. Winch (4.2.54) 
SUB-COMMITTEE ON DISCHARGE LAMPS (LGE/6/6) 
*N. Sizer, 0.B.E., M.C. (23.6.49) 
G. T. Winch (4.2.54) 


| SUB-COMMITTEE ON AUXILIARIES (LGE/6/7) 


*N. Sizer, 0.B.£., M.C. (23.6.49) 
TECHNICAL COMMITTEE ON PHOTOMETRIC INTEGRATORS (LGE/7) 
G. F. Freeman, M.sSc.(ENG.) (15.5.52) 
Further appointment pending 
TECHNICAL COMMITTEE ON ELECTRIC SIGNS (LGE/11) 
Capt. C. Higgins, 0.B.E., B.SC.(ENG.) (4.3.48) 
W. R. Stevens, B.sc. (4.11.48) 
*A. J. L. Whittenham (4.12.47) 
SUB-COMMITTEE ON ELECTRICAL EQUIPMENT OF MACHINE TOOLS 
(MEE/6/20) 
E. J. Sutton (1.4.54) 
TECHNICAL COMMITTEE ON PIPE FLANGES (MEE/11) 
F. Shakeshaft, 0.B.£. (16.9.48) 
SUB-COMMITTEE ON STEAM FLANGES (MEE/1 1/1) 
F. Shakeshaft, 0.B.£. (16.9.48) 
TECHNICAL COMMITTEE ON ENGINE TESTING FITTINGS (MEE/13) 
F, Shakeshaft, 0.B.£. (16.9.48) 
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TECHNICAL COMMITTEE ON PUMP TESTS (MEE/29) 
H. R. Ogle (6.1.55) 


TECHNICAL COMMITTEE ON LAND BOILERS (MEE/34) 
F. Shakeshaft, 0.B.e. (16.9.48) 


SUB-COMMITTEE ON WATER-1UBE BOILERS (MEE/34/2) 
F. Shakeshaft, 0.B.£. (16.9.48) 


SUB-COMMITTEE ON FITTINGS FOR LAND BOILERS (MEE/34/6) 
F. Shakeshaft, 0.B.£. (16.9.48) 


SUB-COMMITTEE ON ACCESSORIES FOR LAND BOILERS (MEE/34/7) 
F. Shakeshaft, 0.B.£. (16.9.48) 


SUB-COMMITTEE ON BOILER AND SUPERHEATER TUBES (MEE/34/9) 
F. Shakeshaft, 0.B.£. (16.9.48) 


SUB-COMMITTEE ON ELECTRODE BOILERS (MEE/34/12) 
H. E. Baker, B.A. (6.11.47) 

TECHNICAL COMMITTEE ON COMPRESSORS, EXHAUSTERS AND FANS (MEE/39) 
Professor R. O. Kapp, B.sc. (25.6.53) 

SUB-COMMITTEE ON FANS FOR GENERAL PURPOSES (MEE/39/4) 
Professor R. O. Kapp, B.sc. (25.6.53) 


SUB-COMMITTEE ON MINE FANS (MEE/39/5) 
P. N. Wyke, B.sc. (25.6.53) 
TECHNICAL COMMITTEE ON METHODS OF TEST FOR DUST EXTRACTION PLANT 
(MEE/48) 
C. L. Blackburn, B.A. (5.9.34) 
TECHNICAL COMMITTEE ON LIFTS, HOISTS AND ESCALATORS (MEE/49) 
L. J. Gooch (1.3.45) 
TECHNICAL COMMITTEE ON GRAPHICAL SYMBOLS FOR GENERAL 
ENGINEERING (MEE/88) 
A. T. Dover (1.3.45) 
The Secretary of The Institution (or his deputy) 


TECHNICAL COMMITTEE ON B.S. CLASSIFICATION SCHEME OF PLANT, 
EQUIPMENT AND TOOLS (MEE/100) 

L. H. A. Carr, M.sc.TECH. (16.1.47) 
TECHNICAL COMMITTEE ON IDENTIFICATION OF PIPELINES, CABLES AND 
CONDUITS (MEE/104) 
TECHNICAL COMMITTEE ON INTERNAL COMBUSTION ENGINES (MEE/123) 

G. O. Watson (16.1.47) 

Further appointment pending 
TECHNICAL COMMITTEE ON HYDRAULIC TURBINES (MEE/125) 

P. L. Blackstone, T.D., M.A. (19.5.55) 
TECHNICAL COMMITTEE ON TERMINOLOGY AND SYMBOLS FOR INDUSTRIAL 
WORK STUDY (MEE/132) 

H. O. Weare (4.12.52) 
COMMITTEE ON GAS TURBINES (MEE/143) 

B. Wood, M.A. (22.9.55) 
COMMITTEE ON PUNCHED CARDS, ETC., FOR DATA TRANSMISSION (MEE/149) 

R. H. Tizard, B.A. (7.2.57) 
SUB-COMMITTEE ON MAGNETIC TAPE FOR USE WITH COMPUTERS 
(MEE/149/4) 

G. A. V. Sowter, PH.D., B.SC.(ENG.) (12.9.57) 
SUB-COMMITTEE ON LEAD AND LEAD ALLOYS FOR CABLE SHEATHING 
(NFE/22/3) 

C. E. Mills (23.6.49) 
DOCUMENTATION STANDARDS COMMITTEE (0C/20) 

B. M. Crowther, M.A., PH.D. (19.6.47) _ 

The Secretary of The Institution (or his deputy) 
TECHNICAL COMMITTEE ON PLASTICS MOULDINGS OF THE THERMOSETTING 
TYPE (PLC/18) 

C. E. Mills (26.6.54) 
TECHNICAL COMMITTEE ON SAFETY BELTS (PSM/5) 

Appointment pending 
TECHNICAL COMMITTEE ON SAFETY COLOUR CODE (PSM/12) 

F. H. Mann (14.5.53) 
TECHNICAL COMMITTEE ON ANTI-STATIC CONDUCTIVE RUBBER AND PLASTICS 
(RUC/2) 

H. K. Cameron, B.Sc., PH.D. (3.11.49) 
TECHNICAL COMMITTEE ON RUBBER BALATA AND PLASTICS FLAT BELTING 
(RUC/16) : 

Appointment pending 
TECHNICAL COMMITTEE ON RUBBER FLOORING (RUC/33) 

Appointment pending 
TECHNICAL COMMITTEE ON MANUFACTURERS’ TRADE AND TECHNICAL 
LITERATURE (s/14) 

Appointment pending 
TECHNICAL COMMITTEE ON NOMENCLATURE AND DEFINITIONS FOR SOLID 
FUEL BURNING APPLIANCES (SFE/1) 

J. I. Bernard, B.sc.TECH. (3.3.49) 
TECHNICAL COMMITTEE ON THERMAL INSULATING MATERIAL (SFE/14) 

J. I. Bernard, B.sc.TECH. (22.6.44) 
PANEL ON THERMAL INSULATING MATERIALS FOR SMALL DWELLINGS 
(sFe/14/1/2) 

J. I. Bernard, B.sc. TECH. (22.6.44) 
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TECHNICAL COMMITTEE ON BRITISH STANDARD METHODS FOR THE SAMPLING 
AND ANALYSIS OF FLUE GASES INCLUDING INDICATING AND/OR RECORDING 
INSTRUMENTS (SFE/17) 

C. L. Blackburn, B.A. (20.9.45) 

TECHNICAL COMMITTEE ON METHODS FOR TESTING ATMOSPHERIC POLLUTION 
(INCLUDING INSTRUMENTS) (SFE/21) 
R. W. Griffin, B.sc.(ENG.) (9.5.46) 
TECHNICAL COMMITTEE ON AIR HEATER BATTERIES (SFE/23) 
F. Shakeshaft, 0.B.£. (16.9.48) 
TECHNICAL COMMITTEE ON COAL AND COKE (SFE/45) 

J. D. Peattie, c.B.£., B.sc. (15.1.48) 

TELECOMMUNICATIONS INDUSTRY STANDARDS COMMITTEE (TLE/—) 

R. E. Robinson (13.9.51) 

C. E. Strong, 0.B.E., B.A.1. (13.9.51) ee : ‘a 

Chairman of the Radio and Telecommunication Section (ex officio) 
TECHNICAL COMMITTEE ON TERMINOLOGY AND SYMBOLS FOR TELECOM- 
MUNICATION (TLE/1) 

E. C. Cherry, p.sc. (5.2.53) _ : 

The Secretary of The Institution (or his deputy) (5.2.53) 
SUB-COMMITTEE ON NOMENCLATURE AND LETTER SYMBOLS FOR TELECOM- 
MUNICATION (TLE/1/1) 

R. C. G. Williams, PH.D., B.SC.(ENG.) (14.5.53) 

The Secretary of The Institution (or his deputy) 

SUB-COMMITTEE ON GRAPHICAL SYMBOLS FOR TELECOMMUNICATION 
(tLE/1/2) 

L. S. Crutch, B.sc.(ENG.) (14.5.53) ; 

The Secretary of The Institution (or his deputy) 

TECHNICAL COMMITTEE ON RADIO (INCLUDING TELEVISION) RECEIVERS 
(TLE/2) aed 

R. C. G. Williams, PH.D., B.SC.(ENG.) (5.2.53) 

SUB-COMMITTEE ON PERFORMANCE OF RADIO RECEIVERS (TLE/2/1) 

B. G. Pressey, PH.D., M.SC.(ENG.) (15.5.52) 

SUB-COMMITTEE ON MAINS SUPPLY APPARATUS FOR RADIO RECEIVERS, ETC. 
(TLE/2/2) 
*H. G. Gamble (17.3.47) 
E. M. Lee, B.sc. (6.3.47) 
*A.H. F. Linton (7.2.57) 
SUB-COMMITTEE ON RADIO (INCLUDING TELEVISION) AERIALS (TLE/2/3) 

E. M. Lee, B.sc. (7.11.57) 

TECHNICAL COMMITTEE ON RADIO (INCLUDING TELEVISION) TRANSMITTERS 
(TLE/3) 

V. J. Cooper, B.sC.(ENG.) (5.2.53) 

SUB-COMMITTEE ON RADIO (INCLUDING TELEVISION) TRANSMITTER 
PERFORMANCE (TLE/3/1) 

E. Green, m.sc. (1.12.55) 

SUB-COMMITTEE ON RADIO (INCLUDING TELEVISION) TRANSMITTER SAFETY 
REQUIREMENTS (TLE/3/2) 
Sir Archibald Gill, B.sc.(ENG.) (5.2.53) 
TECHNICAL COMMITTEE ON COMPONENTS FOR TELECOMMUNICATION 
EQUIPMENT (TLE/4) 

G. J. McDonald, B.sc.(ENG.) (4.3.54) 
SUB-COMMITTEE ON CONNECTORS AND SWITCHES FOR TELECOMMUNICATION 
EQUIPMENT (TLE/4/12) 

E. M. Lee, B.sc. (6.12.56) 

PANEL ON CONNECTORS FOR TELECOMMUNICATION EQUIPMENT (TLE/4/12/1) 
E. M. Lee, B.sc. (6.12.56) 
PANEL ON SWITCHES FOR TELECOMMUNICATION EQUIPMENT (TLE/4/12/2) 
E. M. Lee, B.sc. (6.12.56) 
TECHNICAL COMMITTEE ON TELECOMMUNICATION MEASURING INSTRUMENTS 
AND TEST EQUIPMENT (TLE/8) 
E. D. Hart, M.A. (26.4.56) 
SUB-COMMITTEE ON VIBRATION AND BUMP APPARATUS (TLE/8/2) 
K. A. F. Frost, B.sc.(ENG.) (30.3.50) 
PANEL ON SHOCK AND VIBRATION AND BUMP TERMINOLOGY (TLE/8/2/1) 
Appointment pending 
TECHNICAL COMMITTEE ON AIRCRAFT RADIO EQUIPMENT (TLE/9) 
K. A. F. Frost, B.sc.(ENG.) (30.3.50) 
C. E. Strong, 0.B.E., B.A.1. (8.2.46) 
SUB-COMMITTEE ON AIRCRAFT RADIO EQUIPMENT CONNECTORS (TLE/9/1) 
Appointment pending 
UNITS AND SYMBOLS STANDARDS COMMITTEE (USM/-—) 
Col. J. Reading, M.B.E., B.SC.(ENG.) (6.12.51) 
The Secretary of The Institution (or his deputy) 
CO-ORDINATION OF DEFINITIONS, UNITS AND TECHNICAL DATA COMMITTEE 
(USM/1) 
Professor E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (17.5.56) 
Professor R. O. Kapp, B.sc. (1.1.45) 
The Secretary of The Institution (or his deputy) 
SUB-COMMITTEE ON GLOSSARY OF TERMS USED IN NUCLEAR SCIENCE 
(usM/1/8) 
Denis Taylor, M.sc., PH.D. (13.9.56) 
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SUB-COMMITTEE ON ELECTRICAL UNITS AND MAGNITUDES (USM/1/9) 
Professor E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (2.2.56) 
L. H. A. Carr, M.sc.TECH. (2.2.56) 
The Secretary of The Institution (or his deputy) (2.2.56) 


TECHNICAL COMMITTEE ON ABBREVIATIONS AND LETTER SYMBOLS (USM/2) 
L. H. A. Carr, M.SC.TECH. (2.2.56) 
A. T. Dover (4.12.52) 
The Secretary of The Institution (or his deputy) 


SUB-COMMITTEE ON ELECRICAL ABBRi VIATIONS AND LETTER SYMBOLS 

(UsM/2/9) 

Professor E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (2.2.56) s 
L. H. A. Carr, M.SC.TECH. (2.2.56) 

The Secretary of The Institution (or his deputy) (2.2.56) 


COMMITTEE ON STATISTICAL METHODS (STANDARDIZATION AND SPEQI, 
CATIONS) (USM/3) 

S. Austen Stigant (19.5.55) 

The Secretary of The Institution (or his deputy) 
WELDING INDUSTRY STANDARDS COMMITTEE (WEE/—) 

A. E. Villiers, M.A. (17.9.53) 


TECHNICAL COMMITTEE ON ARC WELDING PLANT (WEE/6) 
A. E. Villiers, M.A. (18.9.47) 


TECHNICAL COMMITTEE ON RESISTANCE WELDING EQUIPMENT (WEE/26) 
F. C. Duffield (7.11.57) 


BRUNEL COLLEGE OF TECHNOLOGY 
GOVERNING BODY 
D. P. Sayers, B.sc. (23.5.57) 


BUCKINGHAMSHIRE EDUCATION COMMITTEE 
ADVISORY COMMITTEE FOR ENGINEERING (NORTH BUCKS AREA) 
G. E. Middleton, M.A. (22.9.55) 


BURY TECHNICAL COLLEGE, ENGINEERING ADVISORY 
COMMITTEE 
J. Mills (8.11.51) 


CANNOCK CHASE MINING AND TECHNICAL COLLEGE- 
ENGINEERING ADVISORY COMMITTEE 
J. Ashmore (13.9.51) 


CARDIFF COLLEGE OF TECHNOLOGY AND COMMERCE 
GOVERNING BODY 
J. Vaughan Harries (4.4.57) 


ADVISORY SUB-COMMITTEE FOR THE DEPARTMENT OF APPLIED PHYSICS AND 
ELECTRICAL ENGINEERING 
J. Vaughan Harries (4.2.54) 


CAROLINE HASLETT TRUST COMMITTEE 
J. W. Leach (17.5.51) 


CITY AND GUILDS OF LONDON INSTITUTE 
ADVISORY COMMITTEE ON ELECTRICAL ENGINEERING PRACTICE 
G. F. Freeman, M.sc.(ENG.) (22.9.55) 


ADVISORY COMMITTEE FOR ELECTRICAL FITTERS’ COURSE 
C. C. Hitchen (5.12.57) 

ADVISORY COMMITTEE ON ELECTRICAL INSTALLATION WORK 
W. F. Parker (22.9.55) 


ADVISORY COMMITTEE FOR ELECTRICAL TECHNICIANS’ COURSES 
M. W. Humphrey Davies, M.sc. (26.4.56) 
K. R. Sturley, PH.D., B.sc. (17.5.56) 
ADVISORY COMMITTEE ON METAL FINISHING (INCLUDING ELECTRODEPOSITION 
OF METALS) 
Prof. J. W. Cuthbertson, p.sc. (4.4.57) 
ADVISORY COMMITTEE ON ILLUMINATING ENGINEERING 
G. F. Freeman, M.sc.(ENG.) (16.9.54) 
ADVISORY COMMITTEE ON INSTRUMENT MAINTENANCE 
F. O. Morrell, B.sc. (13.9.56) 
ADVISORY COMMITTEE ON MACHINE SHOP ENGINEERING 
C. C. Hitchen (22.9.55) 
ADVISORY COMMITTEE FOR MECHANICAL 
INSPECTION yi 
Lt.-Cmdr. R. B. Fairthorne, R.N.(RETD.) (1.4.54) 
ADVISORY COMMITTEE ON MINING EDUCATION 
B. L. Metcalf, B.sc.(ENG.) (9.10.52) 
ADVISORY COMMITTEE ON WELDING 
A. C. Davies, B.sc. (18.9.47) 
ADVISORY COMMITTEE ON TECHNICAL ILLUSTRATION 
C. T. Rivington, M.A. (23.6.55) 
ADVISORY COMMITTEE FOR RADIO AMATEURS’ EXAMINATION 
R. C. G. Williams, PH.D., B.SC.(ENG.) (23.6.48) 
ADVISORY COMMITTEE ON TELECOMMUNICATIONS ENGINEERING 
R. C. G. Williams, PH.D., B.SC.(ENG.) (27.6.57) 
ADVISORY COMMITTEE FOR RADIO SERVICE WORK 
R. C. G. Williams, PH.D., B.SC.(ENG.) (23.6.48) 
ADVISORY COMMITTEE ON LABORATORY TECHNICIANS’ WORK 
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ADVISORY COMMITTEE ON PLANT ENGINEERING 
G. V. Sadler (22.9.55) 

EDUCATION POLICY COMMITTEE 

M. W. Humphrey Davies, m.sc. (7.12.50) 

EXPLORATORY COMMITTEE FOR TECHNICAL AUTHORSHIP 

G. E. Williams, B.sc.(ENG.) (25.4.57) 

EXPLORATORY COMMITTEE ON EXAMINATIONS IN ENGINEERING DRAWING 

M. W. Humphrey Davies, m.sc. (23.5.57) 

ADVISORY COMMITTEE ON INDUSTRIAL RADIOGRAPHY 

A. Nemet, DR.ING. (6.11.52) 


ADVISORY COMMITTEE ON INSTRUMENT MAKING 
J. E. Richardson, PH.D., B.ENG. (9.10.52) 


ADVISORY COMMITTEE ON STEAM UTILIZATION 

R. H. Coates, B.sc.(ENG.) (23.4.53) 

ADVISORY COMMITTEE ON TURBINE HOUSE OPERATION 

D. P. Sayers, B.sc. (8.11.56) 

FELLOWSHIP COMMITTEE 

Sir Gordon Radley, K.C.B., C.B.E., PH.D.(ENG.) (15.5.52) 
TECHNOLOGY COMMITTEE 

M. W. Humphrey Davies, M.sc. (4.11.48) 


CITY OF BIRMINGHAM EDUCATION DEPARTMENT 
ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING FOR TECHNICAL 
COLLEGES OTHER THAN THE BIRMINGHAM COLLEGE OF TECHNOLOGY 

C. J. O. Garrard, M.sc. (12.9.57) 

ENGINEERING CLASSES ADVISORY COMMITTEE 

H. S. Davidson, T.D. (3.11.55) 

INDUSTRIAL ADMINISTRATION CLASSES ADVISORY COMMITTEE 

C. J. O. Garrard, M.sc. (19.6.52) 


CITY OF PORTSMOUTH COLLEGE OF TECHNOLOGY 
ENGINEERING ADVISORY COMMITTEE 
E. A. Logan, M.sc. (7.2.57) 


COLLEGE OF AERONAUTICS: BOARD OF GOVERNORS 
T. E. Goldup, c.B.E. (6.10.55) 


C.C.L.R—STUDY GROUP No. 14 ON ‘*VOCABULARY’”’: 
BRITISH NATIONAL STUDY COMMITTEE 
Professor J. Greig, M.SC., PH.D. (3.4.52) 


COMMISSION MIXTE INTERNATIONALE 
P. J. Ryle, B.sc.(ENG.) (2.2.50) 


CORNISH ENGINES PRESERVATION SOCIETY 
Sir Archibald J. Gill, B.sc.(ENG.) (13.9.56) 


COUNCIL FOR THE PRESERVATION OF RURAL 
ENGLAND 
T. G. N. Haldane, M.A. (2.12.54) 


COUNTY BOROUGH OF IPSWICH EDUCATION 
COMMITTEE 

COUNCIL FOR ENGINEERING 

C. T. Melling, C.B.£., M.SC.TECH. (13.9.56) 


CROYDON TECHNICAL COLLEGE 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE 
F. J. Lane, 0.B.£., M.sc. (22.9.55) 


DARLINGTON TECHNICAL COLLEGE: BOARD OF 
GOVERNORS 
D. B. Hogg, M.B.E. (5.11.53) 


DOW PRIZE BOARD 
A. G. Ramsey, C.B.E., B.SC.(ENG.) (8.11.51) 


EAST ANGLIAN REGIONAL ADVISORY COUNCIL FOR 
FURTHER EDUCATION 

EASTERN AREA ENGINEERING SUB-COMMITTEE 

J. A. Sumner (12.1.50) 

WESTERN AREA ENGINEERING SUB-COMMITTEE 

Capt. N. Hiller, B.sc.(ENG.) (31.3.55) 


EAST BERKSHIRE COLLEGE OF FURTHER EDUCATION 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE 
A. F. Wilkins, 0.B.E., M.SC.TECH. (19.6.52) 


EAST MIDLANDS REGIONAL ADVISORY COUNCIL FOR 
FURTHER EDUCATION 

ADVISORY PANEL FOR THE ENGINEERING INDUSTRY 

Major H. E. Knight (5.4.56) 


ECONOMIC COMMISSION FOR EUROPE: WORKING 
PARTY ON INTERNATIONAL CONTRACT PRACTICES 
IN ENGINEERING 

K. F. A. Johnston (18.9.52) 

J. F. St. G. Shaw, B.sc.(ENG.) (4.3.54) 


ELECTRICAL ASSOCIATION FOR WOMEN 
COUNCIL 

Sir Arthur P. M. Fleming, c.B.E., D.ENG. (18.12.24) 
COMMITTEE FOR TRAINING OF WOMEN DEMONSTRATORS 
J. R. Beard, c.B.£., M.Sc. (4.11.37) 
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ENGINEERING INSTITUTIONS’ EXAMINATION PART I 
COMMITTEE 

L. H. A. Carr, M.sc.TECH. (3.11.55) 

Professor J. Greig, M.SC., PH.D. (7.11.57) 

S. E. Goodall, M.sc.(ENG.) (3.11.55) 


ENGINEERING JOINT EXAMINATIONS BOARD 
Professor H. E. M. Barlow, PH.D., B.SC.(ENG.) (8.11.56) 
L. H. A. Carr, M.sc.TECH. (8.1.53) 


ENGINEERING STANDARDS CO-ORDINATING COM- 
ITTEE 


ELECTRICAL ADVISORY BOARD 
F. Jervis Smith (23.6.49) 


EXETER TECHNICAL COLLEGE 
ELECTRICAL ADVISORY COMMITTEE 

A. L. Keet, M.ENG. (28.6.51) 

H. Trussler (28.6.51) 


FIRE OFFICES’ COMMITTEE FIRE PROTECTION 
ASSOCIATION 
COMMITTEE ON THE USE OF ELECTRICTTY IN INDUSTRY 

Forbes Jackson (3.11.55) 


GLASGOW CAREERS COUNCIL 
PANEL OF ADVISERS 
A. P. MacKim (23.6.48) 


HACKNEY TECHNICAL COLLEGE 
F. T. Chapman, C.B.£., D.SC.(ENG.) (15.9.49) 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY: 
GOVERNING BODY 
Sir Arthur P. M. Fleming, C.B.E., D.ENG. (20.10.38) 
INSTITUTE OF FUEL 
COUNCIL 
W. N. C. Clinch (15.5.52) 


INSTITUTION OF CIVIL ENGINEERS 

COMMITTEE ON SOIL CORROSION OF METALS AND CEMENT PRODUCTS 
H. W. Grimmitt (20.9.46) 
H. W. Swann, 0.B.£. (20.9.46) 


INSTITUTION OF MECHANICAL ENGINEERS/B.S.I. COM- 
MITTEE ON CODE FOR THE TESTING OF BOILERS 

F. W. Lawton (26.4.45) 

F. Shakeshaft, 0.B.£. (26.4.45) 


INTERNATIONAL COMMISSION ON IRRIGATION AND 
DRAINAGE: BRITISH NATIONAL COMMITTEE 
G. R. Peterson, B.A. (7.12.50) 


INTERNATIONAL CONFERENCE ON FATIGUE OF 
METALS 
ORGANIZING COMMITTEE 

G. R. Peterson, B.A. (31.3.55) 


INTERNATIONAL CONFERENCE ON LARGE ELECTRIC 
SYSTEMS (C.1.G.R.E.) 
BRITISH NATIONAL COMMITTEE 

C. O. Boyse, B.SC.(ENG.) (30.3.50) 

S. E. Goodall, M.sc.(ENG.) (28.6.51) 

H. W. Grimmitt (30.3.50) 

Sir Harry Railing, D.ENG. (10.3.38) 

E. L. E. Wheatcroft, M.A. (30.3.50) 


INTERNATIONAL CONFERENCE ON LARGE ELECTRIC 
SYSTEMS (C.1.G.R.E.) 
IRISH NATIONAL COMMITTEE 

A. J. Litton, B.£., B.sc. (3.11.55) 


INTERNATIONAL ELECTROTECHNICAL COMMISSION 
BRITISH NATIONAL COMMITTEE 

Sir John Hacking (7.2.52) 

C. E. Strong, 0.B.E., B.A.1. (7.2.52) 

G. T. Winch (24.6.54) 

The Secretary of The Institution 


IPSWICH CIVIC COLLEGE 
COUNCIL FOR ENGINEERING 
H. V. Pugh (5.12.57) 


JOINT COMMITTEE FOR NATIONAL CERTIFICATES AND 
DIPLOMAS IN ELECTRICAL ENGINEERING (ENGLAND 
AND WALES) 

Professor E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (3.11.55) 

M. W. Humphrey Davies, M.sc. (5.11.53) 

E. R. L. Lewis, M.A. (8.11.56) 

G. S. C. Lucas, 0.B.E. (8.11.56) 


JOINT COMMITTEE FOR NATIONAL CERTIFICATES 
AND DIPLOMAS IN ELECTRICAL ENGINEERING 
(NORTHERN IRELAND) 

Professor T. P. Allen, M.sc. (21.5.48) 

L. H. A. Carr, M.sc.TECH. (5.11.53) 

H. C. MacEwan (5.10.44) 





JOINT COMMITTEE FOR NATIONAL CERTIFICATES 
AND DIPLOMAS IN ELECTRICAL ENGINEERING 
(SCOTLAND) 

Professor B. Hague, pD.sc., PH.D. (4.11.48) 

W. B: Laing (8.11.56) 

Professor M. G. Say, PH.D., M.Sc. (7.11.46) 

J. Stewart, M.A., B.sc. (3.11.55) 


JOINT CO-ORDINATING COMMITTEE FOR LECTURES 
FOR SCHOOLS 

L. H. A. Carr, M.sc.TECH. (10.4.47) 

E. L. E. Wheatcroft, m.a. (7.12.50) 


JOINT E.D.A./B.S.I. ADVISORY COMMITTEE ON ELEC- 
TRICAL APPLIANCES AND ACCESSORIES 

J. R. Beard, c.B.£., M.sc. (18.9.47) 

*Forbes Jackson (6.12.56) 


KING’S COLLEGE, DURHAM UNIVERSITY 
ELECTRICAL ENGINEERING COMMITTEE 
Chairman of the North-Eastern Centre (ex officio) 


KINGSTON TECHNICAL COLLEGE 
ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING 
J. W. T. Walsh, 0.B.£., D.sc., M.A. (13.9.56) 


KUALA LUMPUR TECHNICAL COLLEGE—ADVISORY 
COMMITTEE ON ENGINEERING 

W. G. Scott, B.sc. (17.9.53) 

P. J. Tyrell (21.4.55) 


L.C.C. COMMITTEE 
ROBERT BLAIR FELLOWSHIP 
S. E. Goodall, M.sc.(ENG.) (16.9.48) 


LEEDS COLLEGE OF TECHNOLOGY 
ELECTRICAL ENGINEERING TRADES ADVISORY SUB-COMMITTEE 
H. Hurworth (12.9.57) 


LEICESTER COLLEGE OF TECHNOLOGY 
ENGINEERING TRADES ADVISORY COMMITTEE 
L. Rushforth, M.B.£., B.sc. (13.9.56) 


LLOYD’S REGISTER OF SHIPPING 
TECHNICAL COMMITTEE 
Sir George H. Nelson, Bart. (15.5.52) 


LOUGHBOROUGH COLLEGE OF TECHNOLOGY: 
GOVERNING BODY 
G. S. C. Lucas, 0.B.£. (18.9.52) 


MALAYA—CENTRAL ADVISORY COMMITTEE ON TECH- 
NICAL AND VOCATIONAL EDUCATION AND TRAINING 
J. Sharples, B.sc.(ENG.) (17.9.53) 


MANCHESTER COLLEGE OF SCIENCE AND TECH- 
NOLOGY 
COURT OF GOVERNORS 

Willis Jackson, D.SC., D.PHIL., DR.SC.TECH., F.R.S. (22.9.55) 


METALLIFEROUS MINING (CORNWALL) SCHOOL 
GOVERNING BODY 
F. Bowles (6.12.56) 


peat Lopate ee COMMITTEE ON MINING 
EDUCATIO 
- * Metealf, B.SC.(ENG.) (25.5.50) 


NATIONAL ADVISORY COUNCIL ON EDUCATION FOR 

INDUSTRY AND COMMERCE 

SUB-COMMITTEE FOR NATIONAL CRAFTSMEN’S CERTIFICATES IN ENGINEERING 
B. L. Metcalf, b.sc.(ENG.) (15.9.49) 


oS ILLUMINATION COMMITTEE OF GREAT 
C. W. M. Phillips (2.12.48) 
H. R. Ruff, B.sc.(ENG.) (1.4.48) 
W. R. Stevens (22.9.55) 
J. W. T. Walsh, 0.B.£., D.sc., M.A. (8.11.51) 
G. T. Winch (24.6.54) 
The Secretary of The Institution 
COMMITTEE OF ADMINISTRATION 
G. T. Winch (24.6.54) 


NATIONAL INSPECTION COUNCIL FOR ELECTRICAL 
INSTALLATION CONTRACTING 
NATIONAL INSPECTION BOARD 
S. E. Goodall, M.sc.(eNG.) (8.11.56)—alternate R. A. Marryat, 
B.SC.(ENG.) (10.1.57) 
Forbes Jackson (21.4.55)-—alternate S. J. Emerson (13.9.56) 


NATIONAL JOINT ADVISORY COUNCIL FOR THE 
ELECTRICITY SUPPLY INDUSTRY 
EDUCATION AND TRAINING COMMITTEE [NO. 1 SUB-COMMITTEE 
(ENGINEERING) ] 

T. Chapman, c.B.£., D.SC.(ENG.) (15.9.49) 


* Appointed for liaison with the Wiring Regulations Committee. 


60 





NATIONAL REGISTER OF ELECTRICAL INSTALLATIOy 





CONTRACTORS REGION 
T. G. Christie, B.sc.(ENG.) (19.6.47) OTHER 
Forbes Jackson (1.3.45) ‘NORTH 
R. H. Rawil (23.6.48) |post ADV 
H. W. Swann, 0.B.E. (4.3.54) | H.G. | 
R. P. Watson, B.A., B.A.1. (14.5.53) B. G. ¢ 

NATIONAL SMOKE ABATEMENT SOCIETY REGION 


H. S. Horsman (21.9.50)—alternate C. T. Melling, C.B.£., M.SC.TECH, LOGICA 


(5.11.53) ELECTRIC/ 
A. S. Thwaites, B.SC.(ENG.) (14.9.44) - oy 


NORTH-WESTERN DIVISIONAL COUNCIL 





H. G. Bell (12.9.57) "ROYAL 
SCOTTISH DIVISION | ee 
R. J. Rennie, B.sc. (7.2.52) ROYAL 
YORKSHIRE DIVISION ADVISORY 
E. Lunn (7.2.52) Profess 
NORTH RIDING OF YORKSHIRE EDUCATION ROYAL 
COMMITTEE: ESTON ENGINEERING ADVISORY pRITISH N 
COMMITTEE J. Thor 
E. H. Jordan (12.5.49) pRITISH N 
NORTHERN ADVISORY COUNCIL FOR FURTHER pig 
EDUCATION R. L. 
ADVISORY COMMITTEE ON ENGINEERING GENERAL 
A. T. Crawford, B.sc. (12.5.49) Sir Arc 
FUEL TECHNOLOGY COMMITTEE } Col. B. 
J. B. Jackson (5.11.53) ROYAL 
SUB-COMMITTEE ON ADVANCED COURSES IN ELECTRICAL ENGINEERING ENGINEER 
A. T. Crawford, B.sc. (3.12.53) F. War 
E. C. Rippon (3.12.53) RUTHE 
T. W. Wilcox (3.12.53) oven 
NORWOOD TECHNICAL COLLEGE H. H 
TELECOMMUNICATIONS CONSULTATIVE COMMITTEE wee 
R. C. G. Williams, PH.D., B.SC.(ENG.) (27.6.57) ex 
NOTTINGHAM (CITY) EDUCATION COMMITTEE HOO 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE Cc ea 
A. Brookes, M.ENG. (5.10.50) rx 
NOTTINGHAM, NOTTINGHAMSHIRE AND DERBY sLOUG 
EDUCATION AUTHORITIES’ ADVISORY COMMITTEE eee 
A. Brookes, M.ENG. (7.3.46) A. F.1 
NOTTINGHAM UNIVERSITY OUTH 
COURT OF GOVERNORS SE. ¢ 
A. Brookes, M.ENG. (31.3.49) te 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE OUTH 
A. Brookes, M.ENG. (7.3.46) NGINEER 
W. S. Burge (31.3.49) fe 
ENGINEERING ADVISORY COMMITTEE OUTH 
G. S. Bosworth, M.A. (8.10.53) DUCA 
PADDINGTON TECHNICAL COLLEGE RH 
D. W. Hopkin (3.12.53) isan 
Dees EGIONAI 
PARLIAMENTARY AND SCIENTIFIC COMMITTEE E. Mc 
GENERAL COMMITTEE OUTH 
Sir Harold Bishop, C.B.£., B.SC.(ENG.) (31.3.55) 
The Secretary of The Institution (23.5.57) Che 


PAUL INSTRUMENT FUND COMMITTEE 
W. H. Eccles, D.sc., F.R.S. (7.12.44) 


POPLAR TECHNICAL COLLEGE 
W. H. L. Lythgoe (15.9.49) 


PROFESSIONAL CLASSES AID COUNCIL 
W. K. Brasher, C.B.£., M.A. (7.12.39) 





PROFESSIONAL ENGINEERS APPOINTMENTS BUREAU’? "BY 
BOARD 
The President (ex officio) q 
Sir Hamish D. MacLaren, K.B.E., C.B., D.F.C., LL.D., B.SC. (6.12.56) ca. 
C. T. Melling, c.8.£., M.SC.TECH. (5.12.57) ir Henr 
R. T. B. Wynn, c.B.E., M.A. (5.12.57) 

The Secretary of The Institution (ex officio) e ODE 
ELECTRICAL ENGINEERS COMMITTEE LEC 
The President (ex officio) ‘ 

J. A. Broughall, 8.sc.(ENG.) (5.12.57) hairma: 
Sir Hamish D. MacLaren, K.B.E., C.B., D.F.C., LL.D., B.SC. (6.12.56) @. I. Ber: 
F. J. Lane (1.12.55) . A. Ce 
J. R. Mortlock, PH.D., B.SC.(ENG.) (5.12.57) A.M 
A. H. Mumford, 0.B.£., B.SC.(ENG.) (6.12.56) nd 
R. C. G. Williams, PH.D., B.SC.(ENG.) (6.12.56) Brierk 
A. H. Young (6.12.56) V. McD 
The Secretary of The Institution (ex officio) 
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ENGINEERING ADVISORY COMMITTEE 
A. G. Beverstock, B.sc. (24.4.52) 


JOURNAL Lea 


ANUA 








ATION 
REGIONAL ADVISORY COUNCIL FOR TECHNICAL AND 
OTHER FORMS OF FURTHER EDUCATION FOR THE 
NORTH-WEST 

|posT ADVANCED EDUCATION SUB-COMMITTEE 

| H.G. Bell, M.sc. TECH. (8.11.51) F. W. Taylor, M.sc.TECH. (16.1.47) 
B. G. Churcher, m.sc. (19.5.55) 


REGIONAL ADVISORY COUNCIL FOR HIGHER TECHNO- 
LOGICAL EDUCATION (LONDON AND HOME COUNTIES) 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE 

S. E. Goodall, M.sc.(ENG.) (7.10.48) 
| N.C. Stamford, m.sc. (3.2.55) 


ROYAL AIR FORCE EDUCATION ADVISORY COMMITTEE 
T. E. Goldup, c.B.£. (13.9.56) 


ROYAL AIRCRAFT ESTABLISHMENT, FARNBOROUGH 
ADVISORY BOARD 
Professor J. Greig, M.SC., PH.D. (22.9.55) 


ROYAL SOCIETY 
BRITISH NATIONAL COMMITTEE FOR PHYSICS 

J. Thomson, M.A., PH.D., D.sc. (10.1.57) 

BRITISH NATIONAL COMMITTEE FOR SCIENTIFIC RADIO 
| Sir Noel Ashbridge, B.sc.(ENG.) (4.11.54) 

R. L. Smith-Rose, C.B.E., D.SC., PH.D. (7.11.57) 
Boom BOARD OF THE NATIONAL PHYSICAL LABORATORY 
| Sir Archibald Gill, B.sc.(ENG.) (10.1.57) 

} Col. B. H. Leeson, c.B.£., T.D. (5.11.53) 


ROYAL TECHNICAL COLLEGE, SALFORD 
NG [ENGINEERING ADVISORY COMMITTEE 
F. Warburton Taylor, M.sc.TECH. (17.5.56) 


RUTHERFORD COLLEGE OF TECHNOLOGY 
OVERNING BODY 
H. H. Mullens, B.sc. (7.3.57) 
ADVISORY PANEL FOR ELECTRICAL ENGINEERING 
J. Christie (7.2.52) A. H. Kenyon (7.2.52) 
A. T. Crawford, B.sc. (7.2.52) 


SCHOOL OF ELECTRONICS (MINISTRY OF SUPPLY) 
GOVERNING BODY 
F. T. Chapman, C.B.E., D.SC.(ENG.) (2.3.50) 


TEE SLOUGH COLLEGE OF FURTHER EDUCATION 
ADVISORY COMMITTEE FOR ENGINEERING 
A. F. Wilkins, 0.B.£., M.SC.TECH. (19.6.52) 


QUTH-EAST LONDON TECHNICAL COLLEGE 
§. E. Goodall, M.sc.(ENG.) (15.9.49) 


OUTHEND MUNICIPAL COLLEGE 
NGINEERING ADVISORY COMMITTEE 
H. T. Prior, B.sc.(ENG.) (19.6.52) 


OQUTHERN REGIONAL COUNCIL FOR FURTHER 
DUCATION 

DVISORY COMMITTEE ON ELECTRICAL ENGINEERING 

R. H. Coates, B.sc.(ENG.) (7.10.48) 

EGIONAL ADVISORY COMMITTEE FOR FUEL TECHNOLOGY 

E. McCabe (22.9.55) 


OUTH SHIELDS MARINE AND TECHNICAL COLLEGE 
OVERNING BODY 
) J. Christie (25.6.53) 





SC. TECH, 


















‘(OUNCIL FOR CODES OF PRACTICE (CP/-) 

Astitution nominees: 

.R. Beard, c.B.£., M.Sc. (1.4.54) S. E. Goodall, M.sc.(ENG.) 
(17.4.57) 


REA 


LCP|- nominees: 
he Chairman of ELCP/- (ex officio) 
it Henry Clay, B.T., M.A. 


ODES OF PRACTICE COMMITTEE FOR 
LECTRICAL ENGINEERING (ELCP/-) 

hairman: Forbes Jackson E. L. E. Pawley, 0.B.£., M.SC.(ENG.). 
- 1. Bernard, B.SC.TECH. H. G. S. Peck, B.sc.(ENG.). 

.A. Cameron Brown, B.SC. J. F. Shipley. 

. A. Marryat, B.SC.(ENG.). A. H. Young. 

nd Nominated by 

. Brierley, B.A. Air Ministry. 

V. McDermott, B.SC.TECH. Associated Offices Technical Com- 


12.56) 
. D. Stonehouse. 


; mittee. 

it Henry Clay, BT., M.A. Association of Consulting Engineers. 

- Flood Association of Supervising Electrical 
Engineers. 


* Deputy: J. R. Cox. 


|. E.E 
pusvany 1958 


** Deputy: Mrs. M. E. Pickford. 





SOUTH-WESTERN REGIONAL COUNCIL FOR FURTHER 
EDUCATION 
NORTHERN AREA ENGINEERING ADVISORY SUB-COMMITTEE 
F. B. Allcock, B.sc.TECH. (4.4.57) 
SOUTHERN AREA ENGINEERING ADVISORY SUB-COMMITTEE 
S. G. Monk, M.sc.(ENG.), B.sc. (8.1.53) 


U.N.E.S.C.O.: UNITED KINGDOM COMMITTEE ON 
NATURAL SCIENCES 
The Secretary of The Institution (ex officio) (2.2.50) 


UNION OF LANCASHIRE AND CHESHIRE INSTITUTES 
ENGINEERING ADVISORY COMMITTEE 

Professor E. Bradshaw, M B.E., M.SC.TECH., PH.D. (19.5.55) 
PANEL FOR ENGINEERING 

Professor E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (19.5.55) 


WALLASEY TECHNICAL INSTITUTE 
GOVERNING BODY 
John Collins (22.9.55) 


WANDSWORTH TECHNICAL COLLEGE 
D. W. Hopkin (5.4.56) 


WELSH ACADEMIC BOARD OF TECHNOLOGY 
ENGINEERING SUB-COMMITTEE 
J. B. J. Higham (25.5.50) 


WELSH JOINT EDUCATION COMMITTEE 
TECHNICAL EDUCATION COMMITTEE 
J. Vaughan Harries (5.10.50) 


WEST MIDLANDS REGIONAL ADVISORY COUNCIL FOR 
TECHNICAL, COMMERCIAL AND ART EDUCATION 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE 

D. A. Bell, M.A., B.sc. (2.2.56) 


WIDNES COLLEGE OF FURTHER EDUCATION 
ENGINEERING ADVISORY COMMITTEE 
T. E. Houghton, M.ENG. (13.9.56) 


WOLVERHAMPTON AND STAFFORDSHIRE TECHNICAL 
COLLEGE 
ELECTRICAL AND MECHANICAL ADVISORY COMMITTEE 

W. J. Gibbs, p.sc. (5.11.53) 


WOMEN’S ENGINEERING SOCIETY 
Sir Arthur P. M. Fleming, C.B.E., D.ENG. (25.9.24) 


WORCESTER EDUCATION COMMITTEE 
ENGINEERING ADVISORY COMMITTEE 
H. J. Gibson, B.sc. (3.11.55) 


WORLD POWER CONFERENCE 
BRITISH NATIONAL COMMITTEE 
J. R. Beard, c.B.£., M.sc. (17.9.53) 


YORKSHIRE COUNCIL FOR FURTHER EDUCATION 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE 

A. J. Coveney (13.9.56) 
ELECTRICAL AND MECHANICAL ENGINEERING ADVISORY COMMITTEE— 
JOINT SUB-COMMITTEE 

G. H. Fletcher (5.4.51) 


COAL MINING ADVISORY COMMITTEE: J. Mann (1.2.51) 
LEEDS—HULL ACADEMIC BOARD: J. D. Nicholson, B.sc. (19.5.55) 


Codes of Practice Council 


British Electrical and Allied Indus- 
tries Research Association. 

British Electrical and Allied Manu- 
facturers’ Association. 

British Transport Commission. 

Cable Makers Association. 

Central Electricity Authority. 

C.E.A. Area Boards. 

Crown Agents for Oversea Govern- 
ments and Administrations. 

D.S.I.R. Building Research Station. 

Electric Lamp Industry Council. 

Electrical Association for Women. 


E. E. Hutchings, B.sc.(ENG.) 
Col. B. H. Leeson, C.B.E., T.D. 


T. S. Pick, B.sc.(ENG.) 

*S. E. Goodall, M.sc.(ENG.) 
M. D. Stonehouse 

H. G. F. Gamble 

R. H. Jones, M.Sc. 


J. Comrie 
W. J. Jones, M.SCc.(ENG.) 
**Miss Mary George, M.B.E. 


A. V. Milton Electrical Contractors’ Association. 

D. G. Lindsay Electrical Contractors’ Association of 
Scotland. 

A. W. F. Bird Engineering Equipment Users Asso- 
ciation. 

tC. E. Mills Fire Offices Committee. 


Illuminating Engineering Society. 
Institution of Mechanical Engineers. 
Ministry of Labour and National 
Service. 
+ Deputy: T. H. Adle. 


W. R. Stevens, B.sc. 
R. H. Coates, B.SC.(ENG.) 
S. J. Emerson, M.ENG. 
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H. W. Grimmitt, c.B.F. 
=P. McKearney, 0.B.E. 
P. N. Wyke, B.sc. 

E. J. Sutton 


Ministry of Power. 

Ministry of Works. 

National Coal Board. 

National Inspection Council for Elec- 
trical Installation Contracting. 

North of Scotland Hydro-Electric 
Board. 

Post Office. 


Appointment pending 


J. J. Edwards, B.sc.(ENG.) 


E. M. Lee, B.Sc. Radio Industry Council. 
Thomas Mitchell, M.B.£., B.sc., Royal Institute of British Architects 
A.R.I.B.A. 


South of Scotland Electricity Board. 

Telecommunication Engineering and 
Manufacturing Association. 

C. E. Bedford, B.SC.(ENG.). 


R. J. Rennie, B.sc. 


H. Faulkner, C.M.G., B.SC.(ENG.) 


+ Deputy: 
CODE DRAFTING COMMITTEE ON FARM AND HORTI- 
CULTURAL ELECTRICAL INSTALLATIONS (ELCP/1) 
Chairman: C. A. Cameron Brown, B.sc. 
Institution nominees: J. 1. Bernard, B.SC.TECH.: 
F. E. Rowland. 


CODE DRAFTING COMMITTEE ON ELECTRICAL 
INSTALLATIONS (ELCP/2) 


Chairman: R. A. Marryat, B.SC.(ENG.). 
Institution nominees: 


H. W. Grimmitt, C.B.E.; 


J. Flood; H. W. Grimmitt, c.B.£.; P. McKearney, 0.B.£.; *C. E. Mills; 
A. V. Milton; W. A. Smith; T. M. H. Stubbs; K. H. Tuson. 
* Deputy: T. H. Adie. 


CODE DRAFTING COMMITTEE ON PRIVATE 
GENERATING PLANT (ELCP/3) 

Chairman: Appointment pending. 

Institution nominees: 

F. H. Mann; A. V. Milton. 


CODE DRAFTING COMMITTEE ON PROTECTION OF 
STRUCTURES AGAINST LIGHTNING (ELCP/4) 

Chairman: J. F. Shipley. 

Institution nominees: 
P. McKearney, 0.B.E.; 


* Deputy: T. H. Adie. 


CODE DRAFTING COMMITTEE ON SUPPLY, METERING 
AND CONSUMERS’ CONTROLS (ELCP/5) 

Chairman: Appointment pending. 
Institution nominees: 

C. W. Hughes, B.sc. 

H. C. Spence. 

T M. H. Stubbs. 


CODE DRAFTING COMMITTEE ON TELECOMMUNICA- 
TION (ELCP/6) 

Chairman: H. G. S. Peck, B.sc.(ENG.). 

Institution nominees: 
W. H. Brooks. 

S. L. Helman. 


JOINT MECP/ELCP PANEL ON FIRE ALARMS 
Chairman: W. H. Tuckey, 0.8.£. 

Institution nominees: 

“. King. H. G. S. Peck. B.sc.(ENG.) 
F. H. Mann. 


CODE DRAFTING COMMITTEE ON HEATING, REFRI- 
GERATION AND DOMESTIC APPLIANCES (ELCP/7) 
Chairman: A. H. Young. 

Institution nominees: 

J. |. Bernard, B.sc.TECH. 


CODE DRAFTING COMMITTEE ON LIGHTING (ELCP/8) 
Chairman: W. J. Jones, M.SC.{ENG.). 
Institution nominees: 

Mrs. M. B. Jackson. 

E. J. Sutton. 


CODE DRAFTING COMMITTEE ON MACHINES, TRANS- 
FORMERS, RECTIFIERS AND CAPACITORS (ELCP/9) 
Chairman: F. H. Mann. J. R. Walton ( Vice-Chairman). 
Institution nominees: 

S. H. Harding. 

H. F. Jones, B.sc.(ENG.). 

CODE DRAFTING COMMITTEE ON WIRING SYSTEMS 
(ELCP/10)—now combined with ELCP/2 

CODE DRAFTING COMMITTEE ON USE OF ELECTRONIC 
VALVES (ELCP/11) 
Chairman: H. G. Hughes, M.sc. 
Institution nominees: 

K. A. F. Frost, 8.8C.(ENG.). 


*C. E. Mills 


W. H. Walton. 
A. H. Young. 


C. King. 


A. H. Young. 


The Chairman of the Radio and 
Telecommunication Section (ex 
officio). 

DRAFTING SUB-COMMITTEE (ELCP/11/1) 

Chairman: H. G. Hughes, m.sc. 
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CODE DRAFTING COMMITTEE ON MAINTENANCE 0 
ELECTRICAL SWITCHGEAR (ELCP/12) 


Chairman: A. J. Gibbons, B.SC.TECH. 
Institution nominees: 
L. Drucquer (nominated by the H. C. Fox (nominated by th 


Supply Section). Utilization Section). 
DRAFTING SUB-COMMITTEE (ELCP 12/1) 
Chairman: H. Astbury. 
CODE DRAFTING 
(ELCP/13) 
Chairman: J. W. T. Walsh, 0.B.E., D.SC., M.A. 
Institution nominees: 
W. R. Stevens, B.sc. B. L. Metcalf, B.sc.(ENG.). 
The Chairman of the Utilization Section (ex officio). 
DRAFTING SUB-COMMITTEE (ELCP/13/1) 
Chairman: J. W. T. Walsh, 0.B.£., D.SC., M.A. 
CODE DRAFTING COMMITTEE 
RADIO INTERFERENCE CAUSED BY 
SYSTEMS (ELCP/14) 
Chairman: Appointment pending. 
Institution nominees: 
H. Stanesby. R. T. B. Wynn, C.B.E., M.A. 
CODE DRAFTING COMMITTEE ON ABATEMENT OF 
RADIO INTERFERENCE CAUSED BY DISCHARGE 
LIGHTING (ELCP/15) 
Chairman: Capt. C. Higgins, 0.B.£., 
Institution nominees: 
E. M. Lee, B.sc. H. Stanesby. 
CODE DRAFTING COMMITTEE ON THE GENERAL 
ASPECTS OF RADIO INTERFERENCE ABATEMENT 
(ELCP/16) 
Chairman: E. M. Lee, B.sc. 


CODE DRAFTING COMMITTEE ON EARTHING (ELCP/17 


COMMITTEE ON STREET LIGHTING 


ON ABATEMENT OF 
IGNITION 


B.SC.(ENG.). 


Chairman: H. W. Grimmitt, c.B.£. 

Institution nominees: 

P. B. Frost, B.SC.(ENG.). G. F. Shotter. 

R. A. Marryat, B.SC.(ENG.). H. W. Swann, 0.B.E. 
J. F. Shipley. 


The Chairman of the Utilization Section (ex officio). 
The Chairman of the Supply Section (ex officio). 
The Chairman of the Ship Electrical Equipment Committee (ex officio). 


CODE DRAFTING COMMITTEE ON MAINTAINED 
LIGHTING IN CINEMAS (ELCP/18) 

Chairman: A. F. Steel, B.SC.(ENG.). 

Institution nominee: 

The Chairman of the Utilization Section (ex officio). 
DRAFTING SUB-COMMITTEE (ELCP/18/1) 

Chairman: A. F. Steel, 8.SC.(ENG.). 


CODE DRAFTING COMMITTEE ON FLAMEPROOF AND 
INTRINSICALLY SAFE ELECTRICAL EQUIPMENT 
(ELCP/19) 

Chairman: F. H. Mann. 

Institution nominee: R. A. Marryat, B.SC.(ENG.). 

DRAFTING SUB-COMMITTEE (ELCP/19/1) 

Chairman: F. H. Mann. 

CODE DRAFTING COMMITTEE ON OVERHEAD 
ELECTRIC POWER LINES (ELCP/20) 

Chairman: H. W. Grimmitt, C.B.E. 
Institution nominees: 

C. O. Boyse, B.SC.(ENG.). 

P. K. Davis. 

P. B. Frost, B.SC.(ENG.). 

G. W. Preston, M.B.E. 

DRAFTING SUB-COMMITTEE No. I: 
Chairman: G. W. Preston, M.B.E. 
DRAFTING SUB-COMMITTEE No. 2: 
Chairman: P. K. Davis. 

DRAFTING SUB-COMMITTEE No. 3: SUPPORTS (ELCP/20/3) 
Chairman: P. J. Ryle, B.SC.(ENG.). 
DRAFTING SUB-COMMITTEE 
Chairman: H. W. Grimmitt, C.B.£. 


CODE DRAFTING COMMITTEE ON ABATEMENT OF 
RADIO INTERFERENCE CAUSED BY ELECTRO- 
MEDICAL AND INDUSTRIAL RADIO-FREQUENCY 
EQUIPMENT (ELCP/21) 
Chairman: H. Stanesby. 
Institution nominees: 

H. W. Grimmitt, c.B.£. 

E. M. Lee, B.sc. 

DRAFTING SUB-COMMITTEE (ELCP/21/1) 
Chairman: C. W. Sowton, B.SC. 


C. H. E. Ridpath, B.sc.(ENG.). 
P. J. Ryle, B.Sc.(ENG.). 
The Chairman of 
Section (ex officio). 
CONDUCTORS (ELCP/20/1) 


the Supply 


INSULATORS (ELCP/20/2) 


No. 4: CO-ORDINATION (ELCP/20/4) 


T. M. H. Stubbs. 


CODE DRAFTING COMMITTEE ON MAINTENANCE Of 


INSULATING OILS (ELCP/22) 
Chairman: P. W. L. Gossling. 

Institution nominee: A. W. Stannett, B.SC.(ENG.). 
(continued on p. 66) 


JOURNAL I.E.E. 





PRES 


PRESII 


PRES 


HOR 
TRE. 


M 


JANU, 














f 
CE oy OFFICERS OF THE INSTITUTION 
by thi” 
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T. G. N. HALDANE, M.A. M.SC.(ENG.) 
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SIR JOHN HACKING T. MAKIN 
COL. B. H. LEESON, C.B.E., T.D. *p, D’E. STOWELL, B.SC.(ENG.) 
officio) SIR HAROLD BISHOP, C.B.E., B.SC.(ENG.) 
SIR JOSIAH ECCLES, C.B.E., D.SC. North-Eastern 
SIR GEORGE H. NELSON, BART. a W. WILCOX 
SIR W. GORDON RADLEY, K.C.B., C.B.E., J. CHRISTIE 
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VICE- S. E. GOODALL, M.SC.(ENG.) A. J. COVENEY 
. a PRESIDENTS WILLIS JACKSON, D.SC., D.PHIL., *wW. K. FLEMING 
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G 8. C. LUCK, OBR. North-Western 
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H. H. MULLENS, B.SC. J. F. WRIGHT 
A. H. MUMFORD, O.B.E., B.SC.(ENG.) *PROFESSOR G. H. RAWCLIFFE, M.A., D.SC. 
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Local Centre Officers 


EAST MIDLAND CENTRE 
Chairman: J. D. Pierce. 


Hon. Secretary: H. T. Price, Brush Electrical Engineering Co. Ltd., Lough- 
borough. 


Hon. Asst. Secretary: J}. BARNES, 13 Oakwell Drive, Ilkeston, Derbyshire. 


Cambridge Radio and Telecommunication Group 
Chairman: N. C. Roure, B.Sc.(Eng.). 


Hon. Secretary: H. V. Beck, B.Sc., The Cavendish Laboratory, Free School Lane, 
Cambridge. 


East Anglian Sub-Centre 


Chairman: G. E. Mipp.eton, M.A. 


Hon. Secretary: Capt. N. HILLER. B.SC.(ENG.), Cambridgeshire Technical College 
and School of Art. Collier Road, Cambridge. 
Hon. Asst. Secretary: J. H. HOwARD, 284 Cavendish Avenue, Cambridge. 


MERSEY AND NORTH WALES CENTRE 

Chairman: T. MAKIN. 

Hon. Secretary: S. TOwI.1, B.SC.(ENG.), 74 Hoole Road, Chester. 

Hon. Asst. Secretaries: G. W. BARLOW, B.SC.TECH., c/o The English Electric Co. 
Ltd., East Lancashire Road Liverpool; J. N. FLETCHER, B.SC., PH.D., Brookhirst 
Switchgear Ltd., Northgate Works, Chester. 


NORTH-EASTERN CENTRE 


Chairman: T. W. WiLcox. 


Hon. Secretary: R. Bruce, m.sc., C. A. Parsons & Co. Ltd., Heaton Works, 
Newcastle upon Tyne, 6. 


Asst. Secretary: R. W. Sue ip, 152 Edge Hill, Darras Hall, Ponteland, Newcastle 
upon Tyne. 

North-Eastern Radio and Measurement Group 

Chairman: W. GRay. 


Hon. Secretary: R. Bruce, M.sc., C. A. Parsons & Co. Ltd., Heaton Works, 
Newcastle upon Tyne, 6. 


Hon. Asst. Secretary: R. F. Cocksurn, Rutherford College of Technology, 
Northumberland Road, Newcastle upon Tyne, 1. 

Tees-Side Sub-Centre 

Chairman: D. G. FURNEAUX, B.SC.(ENG.). 

Hon. Secretary: J. G. WINNARD, 18 Richmond Road, Redcar, Yorks. 

NORTH MIDLAND CENTRE 

Chairman: A. J. COVENEY. 

Hon. + ome H. A. Carr, c/o A. Reyrolle & Co. Ltd., 20 St. Paul’s Street, 


Hon. Asst. Secretary: T. H. SCHOLES, c/o A. Reyrolle & Co., Ltd., 20 St. Paul’s 
Street, Leeds, 1. 

North Midland Utilization Group 

Chairman: J. L. BROWELL. 


Hon. Secretary: G. AUTON, Yorkshire Switchgear and Engineering Co. Ltd. 
Meanwood. Leeds, 6. : , r 


Hon. Asst. Secretary: E. R. W. BrinkworTH, c/o George Ellison Ltd., Norwich 
Union Building, City Square, Leeds, 1. 

Sheffield Sub-Centre 

Chairman: O. 1. BUTLER, D.SC. 

Hon. Secretary: J. Sykes, § Mercia Drive, Dore, Sheffield. 

Hon. Asst. Secretary: G. L. MASON, 36 Totley Brook Road, Sheffield. 


NORTH-WESTERN CENTRE 

Chairman: F. R. PERRY, M.SC.TECH. 

Hon. Secretary: H. DIGGLE, B.SC.TECH., Transformer Engineering Dept., Metro- 
politan-Vickers Electrical Co Ltd., Wythenshawe, Manchester, 23. 
North-Western Measurement and Control Group 

Chairman: E. Roscoe, 3.P. 

Hon. Secretary: R. W. Fryer, 2 Rossett Avenue, Timperley, Altrincham, Cheshire. 
North-Western Radio and Telecommunication Group 

Chairman: K. J. BUTLER. 

Hon. Secretary: J. Wi..1s, 8.sc., Lecturer in Electrical Engineering, The College 
of Technology, Manchester, 1. 

North-Western Supply Group 

Chairman: F. W. GEE, B.SC.TECH. 

Hon. Secretary: J. B. KILsHAw, System Planning and Design Engineer, North 
Western Electricity Board, No. 3 Sub-Area, Union Street, Oldham, Lancs. 
North-Western Utilization Group 

Chairman: J. Tozer. 

Hon. Secretary: W. F. Jarvis, clo North Western Electricity Board, No. | Sub- 
Area, Town Hall Ext. (4th Floor), Manchester, 2. 

North Lancashire Sub-Centre 

CHAIRMAN: H. G. Cope. 


Hon. Secretary: F. Day, The North Western Electricity Board, 40/41 Lune Street, 
Preston 
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hairman: 

Hon. Secre 

scter. 

Fie Asst. 

plymouth. 
NORTHERN IRELAND CENTRE West Wale 
Chairman: C. M. STOUPE, B.SC. airman: 
Hon. Secretary: R. L. MARRS, B.SC., ‘Chez Moi’, Mosside Road, Dunmum, fon, Secr’ 
Co. Antrim. swansea. 
Hon. Asst. Secretary: W. H. FARMER, Room 49, Telephone House, 1 Crom 


Street, Belfast. 


fon. Asst. 





SCOTTISH CENTRE 

Chairman: E. O. TAYLOR, B.SC. 
Hon, Secretary and Treasurer: J. H. P. pe Vitviers, Bruce Peebles and Co, Lid) 
19 Waterloo Street, Glasgow, C.2. 
Hon. Asst. Secretary: R. L. STANLEY, c/o Johnson and Phillips, Ltd.. 59 Berkely 
Street, Glasgow, C.3. 


North Scotland Sub-Centre 
Chairman: Proressor E. G. CULLWICK, 0.B.E., M.A., D.SC. 


Electric Board, West Villa, South Street, Elgin, Morayshire. 


South-East Scotland Sub-Centre 

Chairman: J. MENDELSON. 

Hon. Secretary: G. 1. THOMAS, B.SC., Ferranti Ltd., Ferry Road, Edinburgh. §. 
Hon. Asst. Secretary: J. B. MCPHERSON, ‘Forthview’, Haddington Road, Tranea 
East Lothian. 

South-West Scotland Sub-Centre 

Chairman: A. J. SMALL, B.SC., PH.D. 

Hon. Secretary and Treasurer: D. W. GreGcory, c/o Johnson and Phillips, Lid 
59 Berkeley Street, Glasgow, C.3. 

Hon. Asst. Secretary: D. R. ROLLO, B.SC.(ENG.), 44 Woodhead Avenue, Kirkir 
tilloch, Glasgow. 


SOUTH MIDLAND CENTRE 

Chairman: L. L. TOLLEY, B.SC.(ENG.). 

Hon. Secretary: E. H. Cox, Midlands Electricity Board, Mucklow Hill, Halesowen, 
Birmingham. 

Hon. Asst. Secretary: J. C. Pyatr, c/o Central Electricity Authority, 53 Wake 
Green Road, Moseley, Birmingham, 13. 

South Midland Radio and Measurement Group 

Chairman: R. H. JOHNSON, M.SC. 

Hon. Secretary: E. S. JOHNSON, Regional Director’s Office, Civic House, Grea 
Charles Street, Birmingham, 3. 


South Midland Supply and Utilization Group 
Chairman: R. A. YORK, B.SC. 
Hon. Secretary: H. C. Fox, George Ellison, Ltd., Perry Barr, Birmingham, 2% 


North Staffordshire Sub-Centre 

Chairman: H. A. P. CADDELL, M.A. 

Hon. Secretary: E. BOLTON, B.SC.TECH., Switchgear Design Department, Tw 
English Electric Co. Ltd., Stafford. 

Hon. Treasurer and Asst. Secretary: D. H. TOMPSETT, B.SC.(ENG.), Nelson Resead 
Laboratories, The English Electric Co. Ltd., Stafford. 


Rugby Sub-Centre 

Chairman: W. J. CARFRAE, B.SC. 

Hon. Secretary: E. S. HALL, c/o Electronics Engineering Dept., The B.T.H. @ 
Ltd., Rugby. 

Hon. Asst. Secretary: R. W. ROBINSON, 51 Yates Avenue, Newbold Glebe, Rugby 


SOUTHERN CENTRE 

Chairman: L. G. A. SIMS, D.SC., PH.D. 

Hon. Secretary: H. W. HousLey, 15 Southdown Road, East Cosham, Portsmouth, 
Hants. 


Hon. Asst. Secretaries: A. C. TREMAIN, B.SC.(ENG.), Municipal College, Pons 
mouth, Hants. C. G. BRAMMER, 48 Brecon Avenue, East Cosham, Hants. 


WESTERN CENTRE 

Chairman: J. F. WRiGHT. 

Hon. Secretary: F. F. FRreeLinc, Midlands Electricity Board, Bowling Hil 
Chipping Sodbury, Bristol. 

Hon. Asst. Secretary (Bristol): W. D. MorGAN, W. T. Glover and Co. Lid, 
123 Victoria Street, Bristol, 1. 

Hon. Asst. Secretary (Cardiff): D. STEPHENS, 7 Clovelly Crescent, Lianrumng, 
Cardiff. 


Western Supply Group 

Chairman: C. W. A. PRIEST, B.SC.(ENG.). 
Hon. Secretary: A. A. BECKINGSALE, Central Electricity House, 26 Oakfield Ros, 
Bristol, 8. 


Western Utilization Group 
Chairman: F, J. BABER. 
Hon. Secretary: G. M. HuGues-Caey, B.T.H. Co. Ltd., 42 Baldwin Str 
Bristol, 1. 
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Hon. Asst. Secretary: W. S. Evans, The British Transport Commission, Sout 
Wales Docks, Roath Dock, Cardiff. 
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South-Western Sub-Centre 
chairman: C. H. FOouLkEs. 
on. Secretary: G. B. Devey, P.O. Engineering Dept., 23 Victoria Park Road, 


Exeter. 
Hon. Asst. Secretary: S. D. CHAPMAN, ‘Hycrest’, Highbury Crescent, Plympton, 


fplymouth. 


West Wales (Swansea) Sub-Centre 

airman: 1. G. EVANS. 
Duamum, Hon. Secretary: W. E. Lewis, B.SC., PH.D., 19 Wimmerfield Crescent, Killay, 
Swansea. 

| Crom, iHon, Asst. Secretary: D. H. HuGues, 5 Hillside, Furnace, Lianelly, Carmarthen- 
shire. 


versea Branches 


d Co, Lid, 
ALCUTTA BRANCH 
59 Berkely Chairman: D. H. P. HENDERSON. 
Hon. Secretary: L. W. BRAZEL, The Calcutta Electric Supply Corporation Ltd. 
Victoria House, Calcutta. 


CEYLON BRANCH 

nd Hydm§Chairman: PRoFessOR R. H. PAUL, M.A., B.SC. 

Hon. Secretary: M. 1. Aziez, B.SC., Electrical Engineer, Operations and Mainte- 
nance, Dept. of Government Electrical Undertakings, P.O. Box 540, McCallum 
Road, Colombo, 10. 


IRISH BRANCH 

Chairman: L. COLLINS, B.E., B.SC. 

Hon. Secretary: J. MCKEEVER, B.SC.(ENG.), General Electric Co. Ltd., 13 Trinity 
Street, Dublin. 


ersea Committees 


AUSTRALIA 

New South Wales 

Chairman: A. C. H. FROST, B.SC.(ENG.). 

Hon, Secretary: J. T. ROLLo, c/o Electricity Commission of N.S.W., Power 
Development Division, Box 5257, G.P.O., Sydney. 


lalesowess Queensland 

53 Wake Chairman: A. S. FAULKNER. 

ie Hon. Secretary: W. 1. GEORGE, B.£., c/o The English Electric Co. Ltd., P.O. Box 
46F, G.P.O., Brisbane. 


urgh. §. 
i, Tranent 
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South Australia 
Chairman: Appointment pending. 


ise, Grea ‘ 
Hon. Secretary: J. W. CROMPTON, B.E. 139 Fisher Street, Malvern. 


Victoria and Tasmania 

Chairman: J. WiLson. 

ham, 2upHon. Secretary: C. A. P. OLDFIELD, c/o State Electricity Commission of Victoria, 
22-32 William Street, Melbourne. 


Western Australia 
ent. The (’airman: K. W. TAPLIN, B.E. 
Hon. Secretary and Treasurer: R. R. LAKE, B.£., c/o 132 Murray Street, Perth. 


INDIA 

Bombay 

Chairman: J. H. SMYTH, B.SC. 

| Hon. Secretary: T. M. SHIVRAM, Services Engineer (North), B.E.S. & T. Under- 
T.H, CoB taking, Electric House, Post Fort, Bombay, 1 


Researd 


., Rughy Madras 

Chairman: Appointment pending. 

Hon. Secretary: R. WRIGHT, M.B.E., 4 Buckingham Gardens, Madras, 12. 
MALAYA AND SINGAPORE 

Chairman: THE OVERSEA REPRESENTATIVE OF THE COUNCIL: 

¢, Pott) NEW ZEALAND 

Chairman: F. T. M. KISSEL, 1.S.0., B.SC. 

Hon. Secretary: E. H. R. GREEN, C.B.E., M.SC., Engineer-in-Chief, General Post 
Office, Wellington, C.1. 

ng Hi§ SOUTH AFRICA 

Transvaal 

Chairman and Hon. Secretary: A. W. LINEKER, B.SC., P.O. Box 7794, Johannesburg. 


Oversea Representatives of the Council 


ARGENTINA 

A.C. Towers, Acassuso 841, Olivos, F.N.G.B.M., Prov. de Buenos Aires. 
BRAZIL 

E. WINSTANLEY, B.SC.(ENG. ), The Rio de Janeiro Flour Mills and Granaries Ltd., 
Caixa Postal 486, Rio de Janeiro. 

Strep BURMA 


C. H. MELLor, c/o Rangoon Electric Supply Board, 503/9 Merchant Street, 
, Sout Rangoon. 
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CANADA 
a M. THOMSON, M.A.SC., PH.D., Ferranti Electric Ltd., Mount Dennis, Toronto 15, 
Intario. 


CAPE PROVINCE 
C. G. Downie, B.SC., c/o City Electricity Dept., P.O. Box 82, Cape Town. 


CEYLON 
J. G. Park, Office of the United Kingdom High Commissioner, 7 Prince Street, 
Colombo. 


EAST AFRICA 

A. O. CosGrove, B.sc., The General Electric Co. Ltd., P.O. Box 5100, Nairobi. 
FAR EAST 

D. S. Hitt, Reiss, Bradley and Co. Ltd., National City Bank of New York 
Building, 2 Queens Road C, Hong Kong. 


FRANCE 
P. M. J. AILteret, Electricité de France, 12 Place des Etats-Unis, Paris (16°). 


Deputy Representative: R. A. TELLIER, ING.E.S.£., c/o Electricité de France, 
12 Place des Etats-Unis, Paris (16¢). 


INDIA 

F. Wape-Cooper, Magnet House, Chittaranjan Avenue, P.O. Box 8974, Cal- 
cutta, 13. 

Deputy Representative: L. W. Brazet, c/o Calcutta Electric Supply Corporation, 
Calcutta. 


ISRAEL 
B. F. Moss, 94 Hayarkon Street, Tel-Aviv. 


MALAYA AND SINGAPORE 

W. TRAFFORD, M.B.E., Telecommunications Dept. (Special Services), Fullerton 
Building, Singapore, 1. 

Deputy Representative: P. J. TYRRELL, B.SC.(ENG.), The B.T.H. Export Co. Ltd., 
P.O. Box 151, Kuala Lumpur. 


MIDDLE EAST 
J. M. Morris, 0.8.£., The Port Directorate, Basrah, Iraq. 


NATAL 
R. M. O. Simpson, c/o Electricity Dept., P.O. Box 147, Durban. 


NEAR EAST 

A. G. Coates, Iraq Petroleum Co. Ltd.. Banias, Latakia, Syria. 

Deputy Representative: H. D. Furser, The Iraq Petroleum Co. Ltd., Electrical 
Engineering Dept., P.O. Box 150, Tripoli, Lebanon. 


NEW SOUTH WALES 
Appointment pending. 


NEW ZEALAND 
E. H. R. GREEN, C.B.E., M,SC., Engineer-in-Chief, General Post Office, Wellington, 
C4. 


PAKISTAN 
K. I. BROWN, M.B.E., c/o Associated Electrical Industries (Pakistan) Ltd., Shernaz 
House, West Wharf Road, Post Box 4958, Karachi, Pakistan. 


QUEENSLAND 
J. S. Just, c/o Box 1067N, G.P.O., Brisbane. 


RHODESIA 
A. B. COWEN, 0.B.£., P.O. Box 377, Salisbury. 


SOUTH AUSTRALIA 
G. H. MACHIN, B.E., c/o The Electricity Trust of South Australia, Box 412c 
G.P.O., Adelaide. 


SWITZERLAND 
L. W. Hayes, 0.B.£., 43 Quai Wilson, Geneva. 


TRANSVAAL 
A. W. LINEKER, B.SC., P.O. Box 7794, Johannesburg. 


UNITED STATES OF AMERICA 
Hon. Secretary: R. H. Barciay, The J. G. White Engineering Corporation, 
80 Broad Street, New York 4, N.Y., U.S.A 


VICTORIA AND TASMANIA 

Proressor C. E. MOoRHOUSE, M.E.E., Department of Electrical Engineering, 
University of Melbourne, Carlton, N.3, Victoria. 

Deputy Representative for Tasmania: H. P. Tuck, M.E., B.SC., Associate Professor, 
University of Tasmania, Hobart, Tasmania. 


WEST AFRICA 
J. Houston ANGus, P.O. Box 388, Lagos, Nigeria. 


WEST INDIES 
H. D. WALDEN, B.SC., c/o The Trinidad Oil Co. Ltd., 19 La Carriere Road, 
Point-a-Pierre, Trinidad. 


WESTERN AUSTRALIA 
J. B. JuKES, B.£., The State Electricity Commission of Western Australia, Electricity 
House, 3?! Murray Street, Perth. 
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Joint Oversea Groups 


ARGENTINA 
Chairman: R. A. DUNCAN, G.M., B.SC., A.M.I.MECH.E., A.M.LE.E. 
Hon. Secretary and Treasurer: (Appointment pending) 


HONG KONG 

Chairman: A. W. BLACK, M.I.MECH.E. . 
Hon. Secretary and Treasurer: R. A. YOUNGER, A.M.I.MECH.E., Babcock and Wilcox 
Ltd., Alexandra House, Hong Kong. 


IRAQ AND PERSIAN GULF 

Chairman: J. M. MORRIS, 0.B.E., A-M.I1.MECH.E.. M.1.E.E. a : 

Hon. Secretary: J. A. C. KING, A.M.LE.E., c/o Department of Electricity, Govern- 
ment of Kuwait, Kuwait, Persian Gulf. 


SINGAPORE/MALAYAN 

Chairman: S. A. ANDERSON, M.1.MECH.E. ie 
Hon. Secretary: C. G. V. RUDD, M.SC., A.M.1.MECH.E., A.M.LE.E., Alliance Engi- 
neering Co. Ltd., 6/7 Telegraph Street, Singapore. 

TRINIDAD AND TOBAGO 

Chairman: (Appointment pending) » 
Hon. Secretary: D. P. J. HOLBROOK, B.SC.(ENG.), A.M.LE.E., €/O Trinidad Oilfield 
Service Ltd., P.O. Box 69, San Fernando, Trinidad. 

WEST AFRICA 

Chairman: R. BRIDGMAN, M.1.C.E. 

Hon. Secretary: R. E. J. WHITE, A.M.1.MECH.E., c/o U.A.C. (Tech.) Ltd., P.O. Box 
570, Lagos, Nigeria. 


Graduate and Student 
Section Officers 


BRISTOL 

Chairman: Miss C. Cross, B.SC. 

Hon. Secretary: A. D. FLeet, Equipment Engineering Dept., Westinghouse Brake 
and Signal Co. Ltd., New Road, Chippenham, Wilts. 

CARDIFF 

Chairman: H. C. TUCKER. 

Hon. Secretary: D. P. HOwsON, B.SC., Pen-y-Bryn, White Hart, Machen, Mon. 


EAST MIDLAND 

Chairman: G. M. BAYLEY, B.SC.(ENG.). 

Hon. Secretary: A. WREN, Lancashire Dynamo and Crypto Ltd., 10 King John’s 
Chambers, Bridlesmith Gate, Nottingham. 

IRISH BRANCH 

Chairman: D. M. O'BRIEN. 

Hon. Secretary: A. J. Durry, 32 Upper Baggot Street, Dublin. 


LONDON 

Chairman: F. L. FIELDING. 

Hon. Secretary: L. A. HARRIS, B.SC.(ENG.), 41 St. John’s Avenue, Chelmsford, 
Essex. 


MERSEY AND NORTH WALES 
Chairman: T. 1. CANNING, B.SC. 
Hon. Secretary: R. PoRTER, B.SC., 69 Myrtle Street, Liverpool, 7. 


NORTH-EASTERN 

Chairman: J. D. SmitH, B.SC. 

Hon. Secretary: J. A. DENHAM, B.SC.(ENG.), 12 Langdon Road, Westerhope, 
Newcastle upon Tyne, 5 

NORTH MIDLAND 

Chairman: H. MYERS, B.ENG. 

Hon. Secretary: D. C. GRAHAM, B.SC.(ENG.), 288 Horbury Road, Wakefield, Yorks. 


NORTH SCOTLAND 
Chairman: A. J. S. DAVIDSON, B.SC. 
Hon. Secretary: J. B. 1zatt, 40 Cameron Street, Stonehaven, Kincardineshire. 


NORTH STAFFORDSHIRE 

Chairman: A. DAVIES, B.SC. 

Hon. Secretary: R. B. LARKINSON, M.A., Metal Industries Division, English Electric 
Co. Ltd., Stafford. 

NORTH-WESTERN 

Chairman: J. C. HOPKINS, B.SC. 

Hon. Secretary: N. SELLERS, M.SC., c/o U.K.A.E.A., Newchurch Hall. Risley, 
Warrington, Lancs. 

NORTHERN IRELAND 

Chairman: L. WATSON. 

Hon. Secretary: H. MCKILLeN, ‘Emoh-Ruo’, Antrim Road, Ballymena, Co. 
Antrim. 

RUGBY 

Chairman: A. J. GILBERT, B.A. 


Hon. Secretary: R. E. JAMES, 8.SC.(ENG.), Transformer Engineering Dept., The 
B.T.H. Co. Ltd., Rugby. 
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SHEFFIELD 
Chairman: E. HARTLEY. 
Hon. Secretary: E. F. F. GILLesPi£, M.ENG., 61 Lyminster Road, Sheffield, 


SOUTH-EAST SCOTLAND 
Chairman: D. CHANDRA. 
Hon. Secretary: P. DANAHAY, 91 New Street, Musselburgh, Midlothian. 


SOUTH MIDLAND 
Chairman: M. J. L. WILLison. 
Hon. Secretary: N. Morris, 32 Denholm Road, Sutton Coldfield, Warwick 


SOUTH-WEST SCOTLAND 

Chairman: J. JARDINE, B.SC.(ENG.). 

Hon. Secretary: C. G. Gornon, B.sc., Dept. of Electrical Engineering, | 
College of Science and Technology, West George Street, Glasgow, C.1. 
SOUTHERN 

Chairman: D. W. MarTIN. 

Hon. Secretary: H. K. MADDAMS, B.SC., 19 Tregaron Avenue, East G 
Portsmouth, Hants. 

TEES-SIDE 

Chairman: M. S. BECK, M.SC. 


Hon. Secretary: J. A. GREEN, 33 Gunnergate Lane, Marton-in-Ch 
Middlesbrough. 


Codes of Practice Council 
(continued from p. 62) 


CODE DRAFTING COMMITTEE ON CLIMATE PROO 
OF ELECTRICAL EQUIPMENT (ELCP/23) 


Chairman: B. Donkin, B.A. 
CODE DRAFTING COMMITTEE ON MAINTENANG 
CONTROL GEAR (ELCP/24) 


Chairman: S. J. Emerson, M.ENG. : 
Institution nominee: R. A. Marryat, B.SC.(ENG.) (nominated 
Utilization Section) 


CODE DRAFTING COMMITTEE ON MEASUREMENT 
ABATEMENT OF RADIO INTERFERENCE IN AIRC 
(ELCP/25) 


Chairman: N. G. Anslow. 

CODE DRAFTING COMMITTEE ON LOADING OF 
TRANSFORMERS (ELCP/26) 

Chairman: H. G. Bell, M.SC.TECH. 


Institution nominees: 
G. Bell, M.sc.TECH. (nominated by Supply Section). 
W. S. Lovely, B.sc. (nominated by Utilization Section). 


CODES OF PRACTICE COMMITTEE FOR MECHAN 
ENGINEERING (MECP/-) 

Institution nominee: F. H. Mann (24.6.54). 

CODE DRAFTING COMMITTEE ON GUARDING OF 
MACHINERY (MECP/4) 

Institution nominee: F. H. Mann (1.3.56). 

CODE DRAFTING COMMITTEE ON OIL FIRING 
INSTALLATIONS AND CONVERSIONS (MECP/6) 
Institution nominee: H. E. Baker (7.2.57). 

CODES OF PRACTICE COMMITTEE FOR BUILDING 
(BLCP/-) 

Institution nominee: Forbes Jackson (29.4.54). 

CODE DRAFTING COMMITTEE ON DAYLIGHT, 
SUNLIGHT, AND ARTIFICIAL LIGHT (BLCP/9) 
Institution nominee: W. R. Stevens, B.sc. (31.3.55). 

CODE DRAFTING COMMITTEE ON LIFTS, HOISTS 
ESCALATORS 

Institution nominees: 

L. S. Atkinson (15.4.46). H. W. Fulcher (2.12.43). 
CODE DRAFTING COMMITTEE ON MECHANICAL 
REFRIGERATION 

Institution nominee: K. J. R. Cocke, B.sc.(ENG.) (4.3.48). 

CODE DRAFTING COMMITTEE ON OPTICAL 
PROJECTION EQUIPMENT FOR SCHOOLS 
Institution nominee: V. M. Roberts, B.sc. (8.8.48). 

CODE DRAFTING COMMITTEE FOR INDEPENDEN 
FIRES 


(formerly convened by the Royal Institute of British _Architects) 
Institution nominee: J. 1. Bernard, B.sc.TECH. (16.1.47). 








